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The period distribution of the overcontact binary star systems with convective en-
velopes, the W UMa binaries, shows a peak at about 0.27 days and a short-period limit
at about 0.2 days (Rucinski, 2007). No satisfactory explanation for the short-period limit
is yet known, and there is great interest in the discovery and characterization of systems
near the limit. Recently, Lohr et al. (2013) published a list of 143 candidate W UMa
systems with periods less than 0.23 days discovered in a search of data gathered by the
SuperWASP project (Pollacco et al., 2006).
The AAVSO Photometric All-Sky Survey (Henden et al., 2012; hereafter, APASS) is an
all-sky survey in five passbands (Johnson B,V and Sloan g′,r′,i′) that covers the 10th-17th
magnitude range, making it a complementary source of information for extrasolar planet
surveys like SuperWASP and the Kepler mission (Borucki et al., 2010). APASS provides
magnitudes and colors with a precision of 0.02 mag to about V=14 for well-sampled
observations at a single epoch, with the usual exponential scatter at fainter magnitudes
and a precision of about 0.1 mag at V=16.5.
Synoptic surveys like SuperWASP are effective at discovering variable stars, but unfil-
tered or single-filter observations are ineffective at distinguishing different types of variable
stars whose light curve shapes are very similar. For example, in the period range where
W UMa systems are found, the light curves of pulsating variables such as δ Scuti stars
can be indistiguishable from low-inclination W UMa system light curves. Color informa-
tion, however, can resolve the identification problem because pulsating stars are of earlier
spectral types than the W UMa systems.
With this capability in mind, the APASS database was searched for the 143 sytems in
Lohr et al. (2013), and 112 of them were found to have at least two nights of observations.
For those systems, the B−V color was measured at each epoch of APASS observation, and
then means were formed for all observations of a given star. The larger of the standard
deviation of the mean of the B− V values or 0.02 mag (usually for objects with only two
APASS observations) was taken as the error in B − V .
W UMa systems are known to follow a period-color relation (Terrell, Gross & Cooney,
2012; hereafter, TGC) and this relation can be used to distinguish W UMa systems from
pulsating stars. Figure 1 shows the period-color relation for systems from TGC with
periods less than 0.3 days (black circles) and the systems from Lohr et al. (2013) that
have APASS data (red squares). The short-period blue envelope (SPBE) from Rucinski
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(1998) is shown as a solid curve. The dashed curve is a modified SPBE computed as the
Rucinski SPBE minus 0.18 mag in B − V to match the bluest systems from TGC that
are known to be W UMa systems. Systems significantly below this curve can be ruled
out as W UMa systems.
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Figure 1. The period-color diagram for W UMa systems (black circles) from Terrell, Gross, and
Cooney (2012) and the candidate W UMa systems (red squares) with APASS observations. The upper
curve (solid) is the short-period blue envelope (SPBE) from Rucinski (1998) and the lower curve
(dashed) is the Rucinski SPBE lowered by 0.18 mag in B − V to include the bluest W UMa systems
from Terrell, Gross, & Cooney (2102).
Interstellar reddening can, of course, affect the location of a given object in the period-
color diagram. An estimate of the maximum reddening can be determined with the
NASA/IPAC Infrared Science Archive’s Galactic Dust Redddening and Extinction tool
at http://irsa.ipac.caltech.edu/applications/DUST/ which uses the Schlafly and
Finkbeiner (2011) reddening measurements.
Based on the location of an object in the period-color diagram and the error in the
B − V color, we can classify the object as unlikely, possibly, or likely to be a W UMa
system. For the systems defined as unlikely to be W UMa systems, the APASS B − V
is the reddest intrinsic color that the object can have, since dereddening will only make
the derived intrinsic color bluer. If the object is lower than the modified SPBE by three
times its standard deviation in B − V , it is placed in the group of objects unlikely to be
W UMa systems. Table 1 gives the APASS B − V , the color excess E(B − V ), and the
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unreddened B − V for these systems.
Table 1. APASS Observations of Objects Unlikely to be W UMa Systems.
SuperWASP ID Period (d) Obs. B − V E(B − V ) Unreddened B − V
J115605.88-091300.5 0.21091 5 0.693±0.039 0.030±0.003 0.663±0.039
J201208.72+083509.8 0.21577 5 0.790±0.027 0.156±0.004 0.634±0.027
J204843.90-350912.7 0.22883 4 0.689±0.043 0.054±0.001 0.634±0.043
J111931.48-395048.2 0.22949 2 0.665±0.032 0.106±0.001 0.559±0.032
J084925.17-151516.5 0.19996 2 1.032±0.020 0.065±0.004 0.968±0.020
J151652.90+004835.8 0.21073 4 0.645±0.030 0.043±0.001 0.603±0.030
J144331.57-421626.8 0.21526 3 0.834±0.029 0.102±0.005 0.731±0.029
J060334.52-283427.1 0.20635 5 0.345±0.032 0.029±0.001 0.315±0.032
J161858.05+261303.5 0.22878 2 0.745±0.020 0.047±0.001 0.698±0.020
J231839.72+352848.2 0.20126 4 1.009±0.071 0.077±0.002 0.932±0.071
J201816.85+112452.8 0.18636 5 0.378±0.052 0.174±0.006 0.204±0.052
J092339.29-412648.9 0.20293 3 0.171±0.041 0.287±0.004 −0.116±0.041
J194726.58-243941.0 0.20334 2 0.368±0.027 0.086±0.002 0.282±0.027
J133105.91+121538.0 0.21801 2 0.811±0.020 0.022±0.000 0.789±0.020
J061011.73-345809.0 0.23014 2 0.314±0.020 0.040±0.000 0.274±0.020
J142312.63-222425.1 0.20964 3 0.696±0.020 0.098±0.002 0.598±0.020
J121359.79-414742.7 0.21927 3 0.550±0.020 0.137±0.007 0.413±0.021
J075149.14+362250.9 0.23119 7 0.488±0.033 0.043±0.001 0.445±0.033
J024148.62+372848.3 0.21975 2 0.846±0.031 0.050±0.001 0.796±0.031
J214046.44+130716.6 0.22596 4 0.504±0.063 0.144±0.005 0.359±0.063
J235935.22+362001.5 0.20167 6 0.432±0.020 0.116±0.002 0.316±0.020
J050128.17-041206.9 0.22584 5 0.559±0.040 0.042±0.001 0.517±0.040
J210423.94+073104.8 0.20909 2 0.625±0.116 0.061±0.002 0.564±0.116
J162117.36+441254.2 0.20785 2 0.995±0.020 0.009±0.001 0.986±0.020
J070953.45+364417.3 0.22305 2 0.530±0.020 0.050±0.000 0.480±0.020
On the other end of the color range, there are objects redder than the SPBE and these
are the systems likely to be W UMa systems. Since these objects might be intrinsically
bluer because of reddening, we compare their de-reddened B−V with the modified SPBE.
If the object is higher than the SPBE in the period-color diagram by more than three
times its standard deviation in de-reddened B − V , it is placed in the group of objects
likely to be W UMa systems, because even with the maximum amount of reddening, they
cannot fall below the modified SPBE. Table 2 gives the color data on these systems.
For the remaining systems, the errors in their B − V values are too large to firmly
place them in the likely or unlikely W UMa groups. These systems are grouped together
as possible W UMa systems, and future observations will have to be made to determine
their character. Table 3 lists the color data on these systems. Figure 2 shows the unlikely
(black circles), likely (red squares) and possible (green triangles) W UMa systems in the
period-color diagram. Note that the upper-leftmost object is BX Trianguli, the W UMa
system with the shortest known period (Dimitrov & Kjurkchieva, 2010).
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Table 2. APASS Observations of Objects Likely to be W UMa Systems.
SuperWASP ID Period (d) Obs. B − V E(B − V ) Unreddened B − V
J212813.35-520029.1 0.23048 2 1.134±0.036 0.017±0.001 1.117±0.036
J041655.13-492709.8 0.23102 3 1.034±0.027 0.013±0.001 1.021±0.027
J222302.02+195031.8 0.22518 2 1.201±0.020 0.037±0.001 1.164±0.020
J211359.46+122712.4 0.22211 6 1.267±0.055 0.061±0.002 1.206±0.055
J055215.51-551950.8 0.22728 2 1.136±0.020 0.097±0.004 1.039±0.020
J115557.62+072009.1 0.22702 2 1.309±0.020 0.013±0.000 1.295±0.020
J093443.60+420831.9 0.22224 6 1.095±0.021 0.012±0.001 1.083±0.021
J120110.98-220210.8 0.22717 3 1.131±0.048 0.043±0.003 1.088±0.048
J114929.22-423049.0 0.22731 4 1.434±0.054 0.152±0.003 1.282±0.054
J161335.80-284722.2 0.22978 8 1.250±0.047 0.186±0.007 1.064±0.048
J180947.64+490255.0 0.22788 4 1.374±0.069 0.048±0.002 1.326±0.069
J164349.61+325637.8 0.22509 2 1.140±0.021 0.029±0.001 1.110±0.021
J221117.26-150216.6 0.21525 9 1.397±0.063 0.026±0.001 1.372±0.063
J102328.57-153951.7 0.20978 3 1.379±0.020 0.069±0.002 1.310±0.020
J224747.20-351849.3 0.21822 2 1.190±0.023 0.012±0.001 1.177±0.023
J150957.56-115308.4 0.22902 7 1.255±0.046 0.087±0.001 1.168±0.046
Table 3. APASS Observations of Possible W UMa Systems.
SuperWASP ID Period (d) Obs. B − V E(B − V ) Unreddened B − V
J215826.52+253437.4 0.22261 13 0.922±0.026 0.054±0.001 0.867±0.026
J162841.41-334419.8 0.20369 3 1.352±0.037 0.509±0.013 0.843±0.039
J210318.76+021002.2 0.22859 4 0.658±0.112 0.077±0.003 0.581±0.112
J151144.56+165426.4 0.21986 2 1.122±0.046 0.027±0.001 1.095±0.046
J015100.23-100524.2 0.21450 3 1.012±0.030 0.028±0.001 0.984±0.030
J101618.12-085531.0 0.21466 3 1.251±0.083 0.040±0.000 1.211±0.083
J092754.99-391053.4 0.22534 3 1.064±0.024 0.273±0.006 0.792±0.025
J041120.40-230232.3 0.21632 4 1.288±0.080 0.038±0.001 1.250±0.080
J095706.80-201408.7 0.22759 3 1.114±0.077 0.035±0.000 1.079±0.077
J153951.12+105420.7 0.22072 2 1.083±0.081 0.041±0.001 1.042±0.081
J062634.80-385650.1 0.22369 2 1.082±0.083 0.098±0.001 0.984±0.083
J201808.68-231443.0 0.22781 3 0.985±0.066 0.067±0.001 0.918±0.066
J051459.80-021923.6 0.23090 6 1.057±0.058 0.164±0.028 0.893±0.064
J160156.04+202821.6 0.22653 2 1.204±0.074 0.048±0.003 1.156±0.074
J235333.60+455245.8 0.23074 3 1.056±0.039 0.111±0.004 0.945±0.039
J011732.10+525204.9 0.22397 2 1.280±0.101 0.411±0.010 0.869±0.101
J232610.13-294146.6 0.23012 9 1.022±0.051 0.020±0.000 1.002±0.051
J034439.97+030425.5 0.22988 5 0.969±0.026 0.188±0.009 0.780±0.028
J044132.96+440613.7 0.22815 2 1.785±0.101 0.937±0.008 0.848±0.101
J031700.67+190839.6 0.22565 3 1.017±0.037 0.129±0.002 0.888±0.037
J030749.87-365201.7 0.22667 2 1.024±0.075 0.018±0.001 1.005±0.075
J211625.31+251755.4 0.21739 2 1.071±0.020 0.102±0.004 0.969±0.020
J042200.64-450312.5 0.21810 4 1.092±0.051 0.017±0.001 1.076±0.051
J022050.85+332047.6 0.19263 6 1.503±0.045 0.067±0.001 1.437±0.045
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J212009.70-185220.8 0.21780 3 1.151±0.107 0.037±0.001 1.114±0.107
J004050.63+071613.9 0.22927 5 0.725±0.088 0.034±0.002 0.691±0.088
J084408.68-040640.1 0.21773 2 1.223±0.126 0.014±0.000 1.209±0.126
J004545.23-244516.2 0.22034 2 1.080±0.020 0.017±0.001 1.063±0.020
J061850.43+220511.9 0.21439 5 1.331±0.050 0.746±0.031 0.585±0.059
J231943.31+134121.4 0.23084 2 0.910±0.144 0.049±0.002 0.862±0.144
J010642.20-330857.9 0.22208 9 1.120±0.054 0.022±0.002 1.098±0.054
J000205.32+381321.5 0.20908 4 1.272±0.087 0.088±0.002 1.183±0.087
J050904.45-074144.4 0.22958 4 0.986±0.034 0.077±0.002 0.909±0.034
J104942.44+141021.5 0.22980 3 0.993±0.081 0.028±0.002 0.964±0.081
J123148.12-020602.3 0.22661 2 1.032±0.045 0.020±0.001 1.012±0.045
J010340.37-172138.8 0.22824 3 0.927±0.065 0.015±0.000 0.912±0.065
J233120.96-145814.2 0.21594 3 1.221±0.115 0.025±0.000 1.197±0.115
J200756.54-163408.0 0.22253 2 0.946±0.024 0.124±0.002 0.822±0.024
J173003.21+344509.4 0.22371 2 1.016±0.020 0.026±0.001 0.990±0.020
J040615.79-425002.3 0.22234 4 0.987±0.047 0.009±0.000 0.978±0.047
J172717.97+431624.0 0.22507 2 0.959±0.020 0.014±0.001 0.946±0.020
J195730.89+000705.1 0.22643 3 1.055±0.117 0.171±0.002 0.884±0.117
J025054.80+012357.5 0.23067 6 0.754±0.106 0.046±0.002 0.708±0.106
J221058.82+251123.4 0.21300 8 1.029±0.057 0.067±0.003 0.961±0.057
J134430.51-270302.8 0.22965 3 0.953±0.031 0.051±0.000 0.902±0.031
J200059.78+054408.9 0.20569 4 0.963±0.154 0.103±0.006 0.860±0.154
J130920.49-340919.9 0.22284 5 0.882±0.040 0.058±0.001 0.825±0.040
J135403.76-462948.7 0.22873 3 0.955±0.065 0.094±0.003 0.861±0.065
J140533.33+114639.1 0.22512 3 0.910±0.089 0.020±0.000 0.890±0.089
J183738.17+402427.2 0.22131 2 0.978±0.066 0.062±0.002 0.916±0.066
J052036.84+030402.1 0.23140 4 0.890±0.033 0.103±0.006 0.787±0.034
J121906.35-240056.9 0.22637 3 1.153±0.112 0.083±0.002 1.070±0.112
J115326.51+060756.0 0.22864 3 1.112±0.125 0.010±0.001 1.103±0.125
J234401.81-212229.1 0.21368 5 1.167±0.034 0.019±0.000 1.148±0.034
J231505.30-010617.0 0.22959 6 1.138±0.067 0.035±0.001 1.103±0.067
J074658.62+224448.5 0.22085 2 0.967±0.037 0.039±0.001 0.927±0.037
J003033.05+574347.6 0.22662 6 1.187±0.193 0.412±0.009 0.775±0.193
J214510.25-494401.1 0.22816 2 0.921±0.030 0.019±0.001 0.902±0.030
J104125.56-145842.3 0.22572 2 1.031±0.020 0.041±0.002 0.990±0.020
J075102.16+342405.3 0.20917 3 1.191±0.083 0.040±0.001 1.151±0.083
J052825.85+093943.7 0.22070 2 1.009±0.073 0.276±0.013 0.733±0.074
J193537.06-401409.1 0.22590 3 1.163±0.146 0.105±0.002 1.058±0.146
J220734.47+265528.6 0.23124 10 1.035±0.135 0.064±0.001 0.971±0.135
J090758.16-153811.8 0.22888 4 0.923±0.022 0.064±0.001 0.858±0.022
J151146.20-354721.9 0.22254 3 0.993±0.022 0.130±0.007 0.863±0.023
J130111.22+420214.0 0.22544 2 1.083±0.139 0.015±0.000 1.068±0.139
J220235.74+311909.7 0.22048 14 0.897±0.052 0.085±0.002 0.812±0.052
J025959.18-395812.3 0.22285 4 0.929±0.036 0.015±0.001 0.914±0.036
J222514.69+361643.0 0.22473 2 1.006±0.020 0.089±0.001 0.917±0.020
J132308.74+424613.3 0.22513 2 0.890±0.047 0.014±0.001 0.876±0.047
J160202.07+121213.5 0.21960 3 1.061±0.096 0.044±0.001 1.017±0.096
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Figure 2. The period-color diagram for objects unlikely to be W UMa systems (black circles) , likely
W UMa systems (red squares), and possible W UMa systems (green triangles). The curves are the same
as in Figure 1.
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In all, 25 objects listed by Lohr et al. (2013) can be ruled out as W UMa systems, while
16 are almost certainly W UMa systems. The remaining 71 could possibly be W UMa
systems, and further observations will be needed to characterize them. The 16 likely
W UMa systems are good candidates for radial velocity studies to better characterize the
properties of overcontact systems near the short-period limit.
Acknowledgement: This research has made use of the APASS database, located at the
AAVSO web site. Funding for APASS has been provided by the Robert Martin Ayers
Sciences Fund.
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TIMES OF MINIMA OF ECLIPSING CATACLYSMIC VARIABLES
ATALI, H.B.; ALIS, S.; YELKENCI, K.; SAYGAC, A.T.; AKSOYU NURANOGLU, Y.; FISEK, S.;
ULGEN, E.K.
Department of Astronomy and Space Sciences, Faculty of Science, Istanbul University, 34119, Istanbul, Turkey;
e-mail: salis@istanbul.edu.tr
Observatory and telescope:
0.6m Ritchey-Chre´tien (f/8) telescope (IST60) at Ulupinar Astrophysical Observa-
tory, Canakkale.
Detector: Apogee Alta U42 CCD camera, 2048 × 2048 pixels with
a read-out noise of 10e− RMS; SBIG STL-1001E CCD
camera, 1024× 1024 pixels with a read-out noise of 14.8e−
RMS.
Method of data reduction:
Reduction of the CCD frames was made in the usual way using IRAF1 package.
Method of minimum determination:
The minima times were computed with Kwee & Van Woerden (1956) method.
Times of minima:
Star name Time of min. Error Type Filter Rem.
HJD 2400000+
BH Lyn 56195.5590 0.001 I White-light C2
TT Tri 56195.2590 0.002 I White-light C2
56195.3990 0.003 I White-light C2
56570.3250 0.002 I White-light C1
HS0455+8315 56193.3580 0.001 I White-light C2
56193.5070 0.001 I White-light C2
56571.2650 0.005 I White-light C1
56571.4140 0.005 I White-light C1
PX And 56158.3920 0.002 I White-light C1
56194.5390 0.003 I White-light C2
56570.5200 0.001 I White-light C1
V1315 Aql 56159.2930 0.001 I White-light C1
56159.4330 0.001 I White-light C1
1IRAF is distributed by the National Optical Astronomical Observatories, operated by the Association of the Universities
for Research in Astronomy, inc., under cooperative agreement with the National Science Foundation
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Explanation of the remarks in the table:
C1 and C2 refer to the CCD cameras Apogee Alta U42 and SBIG STL-1001E,
respectively.
Remarks:
These objects were observed in the framework of a project which is carried out at
Istanbul University to follow period changes in cataclysmic variables. HS0455+8315
is a SW Sex-type cataclysmic variable which was identified by the Hamburg Quasar
Survey (Hagen et al. 1995).
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PERIODIC BEHAVIOUR OF THE HeI 6678 A˚ EMISSION LINE IN γ Cas
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1 Emil-Nolde-Str. 12, 51375 Leverkusen, Germany
2 Balmes 2, 08784 Piera (Barcelona), Spain
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Introduction
The Be star γ Cas (27 Cas, HD 5394, HR 264) is a primary component of a spectroscopic
binary and is the very first Be star known, discovered by Secchi (1866). Spectroscopically
γ Cas has been investigated mostly in the Balmer lines, mainly in Hα. Recent studies
considered He and Fe II lines as well as the kinematics of the circumstellar shell (Hanuschik
1994, Smith 1995). It is believed that a local density enhancement – a one-armed density
spiral – is embedded in the disk of γ Cas. Precession of this density enhancement has
been observed interferometrically by Berio et al. (1999). They found that this enhanced
equatorial density pattern may be located at 1.5 stellar radii from the stellar surface.
Stee et al. (1998) proposed that He excitation and ionization region, responsible for the
emission in the HeI 6678 A˚ line, extend to 2.3 stellar radii. Thus, the HeI 6678 A˚ line has
an important diagnostic value of activity close to the stellar surface. The time-dependent
mass loss from the primary component of the γ Cas binary system assumes that both
photospheric and disk density variations lead to the double peak profile variations of
HeI 6678 A˚. Recent investigations of Smith (1995), Harmanec et al. (2000), Harmanec
(2002), Pollmann & Stober (2005) and Pollmann (2009) give detailed information about
the long-term monitoring of the phase and time dependent radial velocities and equivalent
widths of the HeI 6678 A˚ emission line. Further detailed and useful information of the
known variations and their time scales, e.g. in context with the orbital period of 203.52 d
reported by Harmanec et al. (2000), have been compiled by Miroshnichenko et al. (2002).
Many Be stars often show various periodic phenomena, which can be sometimes strictly
periodic, however they can change that behaviour. The periodic V/R variations were
explained by one-armed pulsations (Okazaki 1991, 1997), although this is not the only
explanation. This V/R ratio is the ratio of the violet-to-red emission peaks that is used
as one of the main characteristics describing the double-peak emission lines of Be stars as
stated by Stefl et al. (2007).
A cooperative project of amateurs and professionals on π Aqr (Zharikov et al. 2013)
shows that the V/R observed in the Hα line can be explained by a local density en-
hancement that revolves around the primary component of this binary system with the
orbital period. Apart from the orbital period, which has been determined on the basis
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of radial velocity measurements of the Hα and HeI 6678 A˚ lines (Harmanec et al. 2000,
Miroshnichenko et al. 2002, Nemravova´ et al. 2012), there is no information about the
V/R periodicity of the HeI 6678 A˚ line in the spectrum of γ Cas. Since spectral lines may
form in different places of a circumstellar disk, different V/R periods may be observed.
Therefore we cannot a priori expect that these periods coincide with the orbital periods
in binary systems. The observations of the V/R variability of the HeI 6678 A˚ line in the
spectrum of γ Cas are presented here for the first time. We found that this variability
has a period, which is not equal to the orbital one.
Results
The spectra with a resolution of R ∼ 17000 were obtained with the Littrow grating
spectrograph LHIRES III and the C14 Schmidt-Cassegrain telescope of the Vereinigung
der Sternfreunde Ko¨ln (Pollmann, 41 spectra) and the Piera-Barcelona observatory Spain
(Guarro, 4 spectra). The signal-to-noise (S/N) in the continuum near the HeI 6678 A˚ line
was always higher than 1000 (> 1500 in most spectra). Fig. 1 shows an example spectrum
of the HeI 6678 A˚ double peak emission in γ Cas. To achieve such a high S/N level, 5-10
single spectra with approx. 300 sec exposure time were summed.
Figure 1. HeI 6678 A˚ spectrum of γ Cas (2014/02/04), S/N ≈ 2200, R = 17000. Solid line: sum
spectrum; thin line: spline interpolation between the violet and red absorption minima; dashed line: the
double peak emission after spline interpolation.
The accuracy of the V/R evaluation is determined by the S/N ratio and the accuracy of
drawing the local continuum. It depends further on the definition of the line wing profiles
and on the underlying photospheric absorption line profile. Therefore, as preparation
for determining the V/R ratio, the division by a spline interpolation between the violet
and red absorption minima serves as a normalizing basis with F/F
c
= 1. The V and R
intensities, separated in this way from the photospheric absorption profile, are then the
values of the line maxima related to this basis (Fig. 1). The use of the data reduction
program VSpec (http://www.astrosurf.com/vdesnoux) for that process and its tool for
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Figure 2. Time series plot of the HeI 6678A˚ V/R data from 2455058 to 2456719 (08/2009-03/2014).
spline filtering lead to a very precise spectrum normalization and a high level of accuracy
of the V/R measurement of the order of approximately 0.2%.
Another way to separate the emission lines from the photospheric absorption profile,
is the subtraction of a fitted theoretical absorption line profile. Comparisons of both
methods with a same spectrum did lead to deviations to the spline interpolation process
of approx. 0.01% in V/R.
As can be seen in Fig. 2, the variation in the V/R ratio of the HeI 6678 A˚ line is obvious.
However the period of the observations (August 2009 through March 2014) covers only
eight orbital periods of the binary. This result may motivate observers from different
amateur groups (ARAS group for example; http://www.astrosurf.com/aras) to take
part in this long-term study.
Figure 3. PDM (Phase Dispersion Minimization) periodogram (program AVE) of the data set shown
in Fig. 2 points towards a period of 280 days.
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The main peak in the PDM power spectrum (that corresponds to a period of 280 d)
shown in Fig. 3 is very broad which makes the period evaluation uncertain. Definitely,
more data are needed to constrain the period better.
Figure 4. Top panel: phase plot of the V/R data from Figs. 2 & 3; Period: 280± 2.98 d; Amplitude:
0.00403± 5.1 · 10−4; T0 [JD]: 24554969± 14.4; RMS: 0.00235. Bottom panel: phase diagram for the
orbital period (203.53 d) by using the same data as in the top panel.
The top panel of Fig. 4 shows the V/R data given in Fig. 2 folded with a period of 280
days. The folding was performed with the program SpecTSA 2.0 by R. Buecke (Hamburg,
Germany). In the bottom panel, these data are phased with the orbital period. There is
a certain similarity of the V/R variability in the top and bottom panels due to the small
difference between the periods of 280 and 203 d, respectively. However, it is clear that
the observed variations in the V/R data are independent of the orbital period.
Searching for periodic phenomena (such as those found in π Aqr (Pollmann 2012,
Zharikov et al. 2013) & ζ Tau (Pollmann & Rivinius 2008)) in the temporal behaviour of
various lines in the spectra of many Be stars would allow us to better understand the struc-
ture of their circumstellar disks. Further long-term spectroscopic observations along with
the data already stored in the BeSS database (Neiner et al. 2011; http://basebe.obspm.fr)
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will help to achieve this goal and can also result in finding new binary systems.
Acknowledgements: We are grateful to Prof. Dr. Anatoly Miroshnichenko (Depart-
ment of Physics and Astronomy, University of North Carolina at Greensboro), whose
detailed and critical comments lead to major extensions and improvement of this work.
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PHOTOMETRY OF GSC 3408-0735:
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The W UMa stars are short-period overcontact binary systems of main sequence F, G,
and K stars. The peak in their period distribution is at about 0.27 days (Rucinski, 2007),
with a rapid dropoff in number at shorter periods. Given the small number of known
systems with periods less than 0.22 days, any such system that can be well characterized
will play an important role in understanding the nature of the short-period limit. In a
recent analysis of 143 W UMa candidates with periods less than 0.22 days identified by
Lohr et al. (2013) in SuperWASP data (Pollacco et al., 2006), Terrell (2014) found that
25 objects could be ruled out as W UMa systems and 16 were very likely to be W UMa
systems, based on their colors from the AAVSO Photometric All-Sky Survey (hereafter,
APASS; Henden et al., 2012). Of the remaining systems, the APASS observations are
not yet sufficient in number or quality to classify them. In that group, the system GSC
3408-0735 (SuperWASP J080150.03+471433.8) has been observed once by APASS, with
a B−V value of 1.06 ± 0.02. Terrell (2014) required at least two observations of a system
for inclusion in his analysis, but inspection of the SuperWASP light curve showed deep,
potentially complete (total/annular), eclipses (see Figure 1), so it was selected for further
photometric observation with the 0.5m telescope of the Sonoita Research Observatory
(SRO).
The SRO 0.5m telescope is equipped with a Santa Barbara Instrument Group STL-
6303E CCD camera with Johnson-Cousins filters. GSC 3408-0735 was observed on eight
nights in February and March of 2014 in the B, V , and IC passbands. Reduction of
the images was performed in the usual manner by subtracting bias and dark frames and
flatfielding. GSC 3408-1475 and GSC 3408-1827 were chosen as the comparison and
check stars for differential photometry, and no variability greater than 0.01 magnitudes
was detected in either star.
The instrumental differential magnitudes were analysed with the 2013 version of the
Wilson-Devinney program (hereafter, WD; Wilson & Devinney, 1971; Wilson, 1979). The
mean surface temperature of star 1 (T1) was fixed at 4500 K based on the APASS B− V
value and the relatively low interstellar reddening in the field (maximum E(B − V ) =
0.06±0.01) as estimated with the NASA/IPAC Infrared Science Archive’s Galactic Dust
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Reddening and Extinction tool at http://irsa.ipac.caltech.edu/applications/DUST/
which uses the Schlafly and Finkbeiner (2011) reddening measurements.
Initial fits to the light curves resulted in an overcontact configuration for the system,
and subsequent iterations were done in WD mode 1 which enforces various constraints
appropriate for overcontact binaries (Wilson & Van Hamme, 2013), such as equal surface
potentials for the stars, and a smooth variation of surface brightness over the common
envelope (hence T2 is computed from other parameters rather than being adjusted). The
adjusted parameters were orbital inclination (i), surface potential of the common envelope
(Ω1), mass ratio (q = M2/M1), orbital period zero point (HJD0), orbital period (P ),
primary star bandpass luminosities (L1) and third light (l3). The third light values were
always very small compared to their errors, consistent with there being no third light in
the system, and in the final solution, third light values were fixed at zero. Local surface
computation of limb darkening coefficients (as functions of Teff and log g) was performed
as described in Wilson & Van Hamme (2013).
The solution confirms that the eclipses are indeed complete, with a total secondary
eclipse, making this an A-type system. While the SuperWASP light curve shows a mild
asymmetry between the two maxima, our light curves do not, indicating that spot phe-
nomena may be variable in size and/or location. Table 1 lists the parameters from the
solution and Figure 2 shows the fits to the light curves. Figure 3 shows the system at
the center of the primary eclipse. The instrumental differential magnitudes are available
from the IBVS web site as file 6104-t1.txt.
GSC 3408-0735 is an important system because the eclipses are complete, thus resulting
in a more accurate determination of the parameters of the system. The mass ratio, for
example, is accurately recovered from the analysis of the photometry, as demonstrated
by Terrell & Wilson (2005). With a period of 0.2175 days, it is the shortest-period
overcontact binary known to show complete eclipses. The system is faint, V=13.48±0.01
at phase 0.67 for the APASS observation, so measuring accurate radial velocities will be
challenging on all but the largest telescopes. But given the small number of systems near
the short-period cutoff, and the ability to measure its absolute dimensions very accurately,
GSC 3408-0735 is certainly worthy of study on larger instruments.
Acknowledgement: This research was made possible through the use of the AAVSO
Photometric All-Sky Survey (APASS), funded by the Robert Martin Ayers Sciences Fund.
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Table 1. Parameters for GSC 3408-0735.
Parameter Value
T1(K) 4500 (assumed)
T2(K) 4477 (computed)
i (◦) 85.2±0.3
Ω1 2.715±0.006
q 0.440±0.003
HJD0 2453383.949±0.006
P (days) 0.2175137±0.0000004
L1/(L1 + L2)B 0.686±0.002
L1/(L1 + L2)V 0.684±0.002
L1/(L1 + L2)IC 0.682±0.001
S
u
p
e
r
W
A
S
P
 M
a
g
n
it
u
d
e
14.4
14.2
14
13.8
13.6
13.4
13.2
13
Phase
−0.2 0 0.2 0.4 0.6 0.8 1
Figure 1. The SuperWASP (data release 1) light curve of GSC 3408-0735.
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Figure 2. The SRO B, V and IC light curves of GSC 3408-0735 and the photometric solution using
the Wilson-Devinney program.
Figure 3. The GSC 3408-0735 system at primary eclipse.
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TYC3556-299-1 (RA2000=19
h35m36.s798; DEC2000=+46
◦05′56.′′34) is a star with V≈
12 mags and TYC3556-130-1 (RA2000=19
h38m08.s115; DEC2000=+46
◦34′55.′′64) is a rela-
tively bright star with V≈ 10.7 mags. TYC3556-299-1 is also designated by Kepler ID
9470054 and classified as eclipsing binary system. The premise for designating the star
as binary is its light curve variability with period of 1.d4732271.
We observed the field of the open cluster NGC 6811 on Maidanak observatory (Uzbek-
istan) during several nights in 2010 with Taiwan Automated Telescope (TAT, Chou et
al., 2010). The TAT uses a 9-cm Maksutov-type telescope with f=25, manufactured by
“Questar”. The CCD camera is Apogee Alta U6 16-bit 1024× 1024, the CCD chip is a
Kodak KAF-1101E, scale is 2.′′18 per pixel which gives field of view of 0.◦62×0.◦62. Because
the telescope was not originally equipped with standard color filters, observations were
made in integrated light, exposure times were either 280 or 320 sec. The main goal of
the observations was a search for new variables as well as asteroseismic analysis of known
δ Sct stars. Among all nights of observations we had four nights (Aug 26 and Sep 7, 9,
10) when the star TYC3556-299-1 was found in the field of view and two nights (Sep 9,
10) when the star TYC3556-130-1 was found in the field of view. Basic reduction of the
frames was done using standard IRAF2 software.
To obtain light curve of TYC3556-299-1 and TYC3556-130-1 we used method of dif-
ferential photometry. For this goal we extract photometry of a set of stars across the
field of NGC 6811. During the photometric analyses we encountered two main problems:
(i) strong coma distortions of the stellar profiles due to a quite wide field of view of
the telescope, and (ii) moderate star crowding on the field. To avoid these problems we
performed only aperture photometry with aperture radius is being approximately equal
to FWHM. Having had the instrumental magnitudes we used method of ensemble pho-
tometry (Honeycutt, 1992) realized in “Ensemble-0.7” software by Michael Richmond
(http://spiff.rit.edu/ensemble). Then we subtracted low-frequency trends (due to
possible effects of differential absorption) from all light curves by fitting low-order polyno-
mial. This effectively removes any periodic signal with period longer than several hours.
The final light curves contain 119 data points for TYC3556-130-1 and 226 data points for
TYC3556-299-1 and are shown in Figure 1.
1http://archive.stsci.edu/kepler
2IRAF is distributed by the NOAO, which are operated by the AURA, Inc., under cooperative agreement with the NSF
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Figure 1. Light curves of the stars TYC3556-299-1 (left column) and TYC3556-130-1 (right column)
observed in Maidanak observatory in 2010.
Table 1: Mode parameters for TYC3556-299-1 and TYC3556-130-1
Star Frequency (c/d)) Amplitude (mmag) Phase SNR
TYC3556-299-1 17.233 ± 0.002 6.00 ± 0.53 0.03 ± 0.02 8.60
15.489 ± 0.003 4.68 ± 0.54 0.35 ± 0.03 7.91
21.371 ± 0.004 3.07 ± 0.49 0.90 ± 0.05 5.70
12.432 ± 0.005 2.50 ± 0.51 0.77 ± 0.06 4.57
TYC3556-130-1 13.364 3.75 ± 0.41 0.11 ± 0.017 9.53
20.409 2.78 ± 0.41 0.50 ± 0.023 9.07
14.943 2.13 ± 0.42 0.95 ± 0.030 9.79
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For the power spectra analysis of the light curves the FAMIAS software package (Zima,
2008) was used. The parameters of the FAMIAS are identical to those used in (Serebryan-
skiy et al., 2013). The parameters of the modes are listed in Table 1. The errors of the
frequency estimation for TYC3556-130-1 are not presented due to low resolution of power
spectra used in our analyses. This causes instability of frequencies during pre-whitening
in FAMIAS. We fixed the frequency value determined in the previous run to estimate
frequency and other parameters of the mode in the subsequent run.
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Figure 2. Upper panel (Star 1): power spectrum of TYC3556-299-1. Middle panel (Star 2): power
spectrum of TYC3556-130-1. Lower panel: window function of TYC3556-299-1 power spectrum.
Using the available information for these stars, i.e. their magnitudes in different wave-
lengths from SIMBAD astronomical database and CSOCA catalog (Kharchenko et al.,
2004) we found that (B − V ) color index for TYC3556-299-1 is in the range of 0.02-0.04
and (B−V ) color index for TYC3556-130-1 is in the range of 0.4-0.43. According to Dias
et al. (2002) the star TYC3556-299-1 has a high probability due to its proper motion to
be a member of NGC 6811 open cluster. From Janes et al. (2013) the color excess EB−V
for this cluster is 0.074± 0.024. Hence the true (B − V )0 color index for TYC3556-299-1
is ∼ −0.04 which make this star to be closer to spectral class A0. Janes et al. (2013) also
provide us with color index (B − V ) and (U −B) for TYC3556-299-1, which are, respec-
tively, equal to 0.271± 0, 002 and 0.109± 0.002. This gives us the possibility to estimate
its spectral class using standard color index diagram. We found that this star belongs to
spectral class in the range of A8-F0. Considering kinematics the probability that the star
4 IBVS 6105
TYC3556-130-1 belongs to the NGC6811 is smaller, but it is high considering photometry
and position criteria (Kharchenko et al., 2004). If we assume that this star belongs to
the open cluster then the true (B − V )0 color index will be ∼ 0.35 which make this star
closer to spectral class F0. We assumed that both stars belong to the main sequence.
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Figure 3. Upper panel: an example of a segment of Kepler light curve. Lower panel: power spectrum
for TYC3556-299-1 computed using “Kepler” light curve of the same period of observation (see the
text).
We tried to compare our results with results obtained by analyzing part of the Kepler
light curve for TYC3556-299-13 for the observing period similar to our observations. It
should be noted that sampling rate of the Kepler light curve for this star did not allow
us to make precise frequency determination. Median value of sampling rate for Kepler
observations is ∼ 1765 sec, comparing to the sampling rate of the TAT of ∼ 300 sec. As a
result the possible aliasing did not allow us to select unique modes from power spectrum
of Kepler light curve. But we were able to confirm the presence of modes in the range
from 12 to 22 c/d with amplitudes higher than 4σ above the noise level; see Fig. 3. On
the top panel of Fig. 3 we show only part of Kepler light curve to see clearly oscillation
with period of 1.d473227 and superimposed on it the oscillations with shorter periods. The
lower panel shows the power spectrum computed using Kepler light curve for the same
observing period to our observations.
Considering the amplitudes and periods of oscillations, as well as the spectral type of
the stars (A-F) we conclude that TYC3556-299-1 and TYC3556-130-1 could be variables
of δ Sct type although the classification of TYC3556-299-1 might be biased by the fact
that this system is a binary star.
3http://keplerebs.villanova.edu/overview/?k=9470054
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Taking into account their brightness and that one of the stars is in a close binary system
they will be convenient and interesting targets for a future asteroseismic campaign using
small-aperture telescopes.
Acknowledgements: The authors are supported by Fundamental Research Grant
FA-F02-F028 of the Uzbek Academy of Sciences. We thanks the anonymous referee for
important suggestions and comments.
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1 Introduction
The Qatar Exoplanet Survey (QES; Alsubai et al. 2013) is discovering hot Jupiters
(Qatar-1b, Alsubai et al. 2011; Qatar-2b, Bryan et al. 2012) and aims to discover hot
Saturns and Neptunes that transit in front of relatively bright host stars (8-15 mag). The
survey operates a robotic wide-angle multiple-camera system installed at the “New Mexico
Skies” observing station in southern New Mexico, USA, and it has been in operation since
mid-November 2009. The cameras, which operate without filters for maximum signal-to-
noise (S/N), photometrically survey a target field of ∼400 square degrees repeatedly with
a cadence of ∼10 minutes. Each target field is followed for ∼3-4 months continuously
while it is visible at more than 30◦ above the horizon. Each year a new set of target fields
is designated.
The time-series images of each field are processed by a customised data pipeline (Sec. 4
of Alsubai et al. 2013) to calibrate the images, detect objects, perform astrometry, and
extract photometry. Only objects successfully matched with stars in the US Naval Obser-
vatory CCD Astrograph Catalog (UCAC3; Zacharias et al. 2010) are considered further
in order to avoid faint stars with very low S/N. A reference image, chosen as a best-seeing
high-S/N image from the time series, is subtracted from each image in the time series
using the image subtraction technique to create difference images (Alard & Lupton 1998;
Bramich 2008; Bramich et al. 2013). Photometry is performed on the difference images
using point spread function (PSF) fitting at the object positions with a spatially-variable
PSF model. The output of this difference image analysis (DIA) is a set of object light
curves in differential flux units (ADU/s). These light curves are converted to instrumen-
tal magnitudes using reference fluxes for each object as measured on the reference image.
The photometric zero point for the reference image is determined using the UCAC3 mag-
nitudes and this is used to calibrate the light curve magnitudes on an absolute scale with
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a scatter of ∼0.1 mag. The QES light curves are then stored in a data archive system and
trend filtering algorithms are applied to them. However, since the application of trend
filtering algorithms to variable star light curves risks distorting their shape, we opted to
use the raw QES light curves from the archive (i.e. before detrending is applied) for the
study of the variable stars in this paper.
With a typical photometric precision of ∼1-2% over the magnitude range 8-14, a high
temporal cadence (∼10 min) sustained over ∼2-7 hours in each 24-hour period, and a
time baseline of ∼3-4 months, the QES light-curve archive is a potential gold mine for
variability studies. As part of realising the full scientific potential of QES, we have started
investigating the variable star content of the archive. This short paper is the first in a
series reporting our results. Here we investigate known RR Lyrae variables.
2 Sample selection
We cross-matched UCAC3 with the 47969 variable stars in the General Catalogue of
Variable Stars (GCVS4 - version 30/04/2013; Samus et al. 2009) using the CDS X-Match
service1. The cross-match algorithm simply selects any GCVS star entries within a 5′′
radius of any UCAC3 star. This resulted in 43009 matched entries, of which 42973 are
unique. Retaining only the unique matches and filtering for variable star type, we obtained
6921 UCAC3 stars classified as RR Lyrae variables.
We then searched in the QES light-curve archive for these UCAC3 RR Lyrae stars and
found that we had observed 752 objects in this list. We note that any object observed
across multiple target fields and/or cameras will have multiple light curves in the QES
archive. Since our analysis requires a reasonable number of data points in each light
curve, we rejected light curves with fewer than 100 data points. Furthermore, due to the
faint limit of the QES lying at ∼17 mag, we rejected any objects with UCAC3 aperture
magnitudes fainter than 16.5. We were left with 724 objects with 2220 light curves.
We inspected plots of the phased (using the GCVS periods where available) and un-
phased light curves of our object sample. Since RR Lyrae variations have typical ampli-
tudes of 0.1-1.3 mag, we could immediately identify 65 objects with multiple light curves
where a subset of the light curves were not showing any variability. This occurs when
the QES pipeline misidentifies an object and measures the wrong star, which tends to
happen for relatively crowded objects towards the edge of a detector where camera dis-
tortions are not sufficiently well-modelled in the astrometric solution. For these cases we
simply rejected the 143 light curves that failed to show the variations clearly visible in
the remaining light curves for the same object. We also identified 136 objects for which
none of their light curves showed variations above the noise level. We found that this was
due either to the objects being very faint and therefore exhibiting a large scatter in their
light curves, or to the object misidentification problem mentioned already. We rejected
these objects from our sample, which left us with 588 photometrically variable objects
with 1783 light curves.
3 Analysis and results
Some variables in our data sample do not have GCVS period estimates and/or their
GCVS classification as RR Lyrae variables is uncertain or does not distinguish between
fundamental mode and first overtone pulsators. Hence our first step was to estimate the
1http://cdsxmatch.u-strasbg.fr/xmatch#tab=xmatch&
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variable star periods using our light curve data. We applied the string-length method
(Burke, Rolland & Boy 1970; Dworetsky 1983) to each of the 1783 light curves in our
sample to search for periods in the range 0.1-500 d. For variables with multiple light
curves, we adopted the period derived from the light curve with the best combination
of the longest time span, the smallest noise, and the most data points (all light curve
plots in this paper display this “best” light curve for clarity). We then phase-folded the
light curves with our derived periods, and we checked the RR Lyrae classification of our
variables.
Apart from being able to improve the GCVS periods and classifications for a large
number of variable stars, we also found that some variables in our data sample are not RR
Lyrae stars. Consequently we have reclassified these stars using the GCVS classification
system described in Samus et al. (2009)2. To aid in our reclassification efforts, we searched
the literature for previous studies of some of these variables. However, a full literature
search for all of the variables in our data sample is beyond the scope of this paper, the
purpose of which is to provide a set of concrete updates to the latest version of the GCVS.
Therefore we cannot claim that all of our results are guaranteed to be new although we
are sure that the majority of the information presented in this paper has not previously
been reported in the literature.
Before reporting our results, we mention that due to the coarse pixel scale of the QES
camera system (9.26 and 4.64 arcsec/pixel for the 200 and 400 mm lenses, respectively),
a relatively high proportion of the variable stars in our sample are likely to be blended
with another star. Hence the reference flux for such blended variables as measured on the
reference image is systematically overestimated which leads to artificially small amplitudes
of variation in the corresponding light curves. Therefore, the amplitudes of our variable
star light curves may be systematically too small in a number of cases when compared to
light curves derived from higher resolution imaging data.
3.1 Stars that are not RR Lyrae variables
In Table 1, we report the reclassification of 21 variable stars. Our period estimates improve
on the GCVS periods in all cases. We reclassify 14 of these variables as eclipsing binaries,
where 13 of these are of the W Ursae Majoris type. We plot the phased light curves of the
eclipsing binaries in Figure 1 using the best light curve for each variable. Four eclipsing
binaries (3UC191-025421, 3UC192-006598, 3UC247-041882 and 3UC308-105518) clearly
show the O’Connell effect in our data, which is characterised by two maxima of different
brightnesses (O’Connell 1951).
We find that the variable star 3UC205-101683, which is listed in the GCVS as an RR
Lyrae star of unknown sub-type, is a known double-lined spectroscopic binary (Mathieu
et al. 2003) showing X-ray emission (Belloni, Verbunt & Mathieu 1998) and classed as
an RS Canum Venaticorum-type variable (van den Berg et al. 2002). We have updated
the record for this star in Table 1, quoting the period derived from our best light curve
spanning ∼154 days, which is more precise than the photometric periods quoted in the
literature. The phased light curve for this star is shown in Figure 2. We note that the
slight variations in the light curve shape and amplitude reported by van den Berg et al.
(2002) are also detected in our light curve.
The variable star 3UC171-023140 is a Herbig Ae/Be star of spectral type B9e (Vieira
et al. 2003) that exhibits irregular light variations (see Figure 3; Bernhard 2010). We
2See also http://www.sai.msu.su/gcvs/gcvs/iii/vartype.txt
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were unable to find periodicity in our light curves for this object. Hence we reclassify this
star as an irregular variable of early spectral type in Table 1.
We found that four of the variable stars in our sample are most likely classical Cepheids
as opposed to RR Lyrae stars. Our new classifications for two of these stars (3UC208-
318430 and 3UC225-131002) are based only on the period and the shape of the phased
light curve (see Figure 4), which does not definitively distinguish them from other variable
types in their period range. Hence our classifications for these two stars are tentative and
marked with a colon “:” in Table 1. The variable star 3UC237-053427 was originally
classified as a classical Cepheid by Schmidt & Gross (1990) and we confirm that it is most
likely pulsating in the first overtone mode as indicated by its smaller pulsation amplitude
and relatively symmetric phased light curve. The variable star 3UC268-064903 has also
already been classified as a classical Cepheid by Wils, Lloyd & Bernhard (2006).
We also noticed that the variable star 3UC237-121450 has an unusually long period
for an RR Lyrae. A literature search revealed that Wallerstein, Kovtyukh & Andrievsky
(2009) found this star to be carbon-rich and of relatively high metallicity. These facts
lead Andrievsky et al. (2010) to suggest that 3UC237-121450 is more likely to be a short-
period type II Cepheid (or BL Her type variable). We adopt this tentative classification
for this star in Table 1 and display the phased light curve in Figure 5.
Table 1. Variable stars reclassified as eclipsing binaries, RS Canum Venaticorum-type
variables (or RS CVn), irregular variables of early spectral type, classical Cepheids
(or type I Cepheids), and type II Cepheids. All of our period estimates improve on
the GCVS periods and they are precise to the last decimal place quoted.
UCAC3 ID GCVS ID RA Dec. Variable Type UCAC3 Period (d)
(J2000.0) (J2000.0) GCVS This Work Aperture Mag GCVS This Work
169-146805 V1018 Oph 16 17 59.22 −05 56 55.3 RRC: EW 15.244 0.3696396 0.350
171-023140 UY Ori 05 32 00.31 −04 55 53.9 RR: IA 12.456 - -
176-102611 V0482 Hya 08 27 38.98 −02 00 34.3 RRC: EW 15.591 0.190393 0.3808
178-131091 V0593 Vir 14 44 30.11 −01 28 26.2 RRC: EW 15.473 0.228947 0.3726
179-127893 V0533 Vir 14 12 38.56 −00 53 50.7 RRC: EW 15.484 0.229537 0.3732
180-101956 V0491 Hya 08 39 55.42 −00 03 50.4 RRC: EW 14.055 0.263482 0.4170
191-025421 V0651 Ori 05 32 46.49 +05 24 57.8 RR: EWa 14.335 - 0.37827
192-006598 HM Cet 02 07 31.42 +05 41 05.7 RRC EWa 13.017 0.22232 0.44462
192-026024 V1015 Ori 05 28 54.22 +05 39 27.7 RR: EA 14.627 - 1.8512
205-101683 AG Cnc 08 51 25.30 +12 02 56.5 RR: RSb 13.684 0.313335 2.827c
208-318430 HU Peg 23 59 22.17 +13 47 11.5 RR DCEP: 11.107 - 78d
225-131002 V0368 Her 17 10 31.13 +22 23 08.8 RRAB DCEP: 15.627 0.543689 1.1915
237-053427 CN Tau 05 58 09.42 +28 02 33.5 RRAB DCEPSe 12.645 0.642062 1.794
237-121450 UY CrB 16 06 21.77 +28 07 03.8 RR: CWB:f 13.190 - 0.92916
247-041882 DN Aur 05 07 59.86 +33 23 50.7 RRC EWa 13.535 0.30846 0.61692
263-033768 KN Per 03 22 35.64 +41 19 55.2 RRC EW 11.615 0.433224 0.8665
268-064903 V0421 Per 04 45 34.83 +43 34 22.2 RR DCEPg 13.643 - 4.3735
270-278831 V0660 And 23 27 52.08 +44 54 14.9 RRC EW 12.147 0.38542 0.7708
286-145835 V0997 Cyg 19 48 05.07 +52 51 16.3 RRC EW 13.358 0.22892 0.45823
287-146031 V1017 Cyg 19 56 15.81 +53 19 12.0 RR EW 15.197 0.96 0.33041
308-105518 V0414 Dra 18 53 30.15 +63 55 03.6 RRC: EWa 11.306 0.348087 0.69619
aClear detection of the O’Connell effect (i.e. unequal brightness of the two maxima).
bClassification taken from van den Berg et al. (2002).
cOrbital period is 2.823094 d (Mathieu et al. 2003).
dThis star has a single light curve in our data that spans ∼195 days (or ∼2.5 cycles).
eOriginally classified as a classical Cepheid by Schmidt & Gross (1990).
fClassification taken from Andrievsky et al. (2010).
gAlso classified as a classical Cepheid by Wils, Lloyd & Bernhard (2006).
3.2 RR Lyrae stars with new sub-type classifications
In Table 2, we report the new sub-type classifications for 61 RR Lyrae stars which have an
unspecified or erroneous RR Lyrae sub-type classification in the GCVS. We list our period
estimates in the table whenever they improve on the GCVS periods (52 cases). The new
sub-type classifications are based on having considered the variable star periods and the
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Figure 1. Phased light curves of the variable stars reclassified as eclipsing binaries. The magnitude
range in each plot is 0.7 mag except for the stars 3UC191-025421 and 3UC192-026024 which have plots
with magnitude ranges of 0.9 and 1.8 mag, respectively.
Figure 2. Phased light curve of the variable star 3UC205-101683 reclassified as an RS Canum
Venaticorum type variable.
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Figure 3. Light curve of the variable star 3UC171-023140 reclassified as an irregular variable of early
spectral type.
Figure 4. Phased light curves of the variable stars reclassified as classical Cepheids (or type I
Cepheids). The magnitude range in each plot is 0.8 mag except for the star 3UC268-064903 which has a
plot with a magnitude range of 1.0 mag.
Figure 5. Phased light curve of the variable star 3UC237-121450 reclassified as a type II Cepheid.
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phased light curve shapes and amplitudes. We note that some of the GCVS periods fail
to properly phase our light curves, which may indicate period changes in these cases (e.g.
3UC167-134566). We clearly detect the Blazhko effect (amplitude and/or phase modula-
tions; Blazhko 1907) in five of these RR Lyrae variables and this is the first detection of
the effect in four of them (see the catalogue of known Galactic field Blazhko RR Lyrae
stars in Skarka 2013). For 3UC191-097728, 3UC202-143008 and 3UC227-103944, we mea-
sure Blazhko periods of 36.2±0.2, 40.0±0.6 and 65.6±1.2 d, respectively, using the power
spectrum analysis described in Section 3.5. For 3UC175-133697 we place a lower limit of
80 d on the Blazhko period. Finally we note that the light curve for 3UC236-044458 has a
strange shape for an RR Lyrae star, although its period and amplitude are consistent with
that of an RRC variable. The phase-folded light curves of all 61 variables are displayed
in Figure 6.
3.3 Double-mode RR Lyrae stars
Seven of the variable stars in our sample are double-mode RR Lyrae stars pulsating
simultaneously in the fundamental and first overtone modes. The GCVS classification for
these stars is wrong in four cases. We checked the literature and all of these stars are
known double-mode RR Lyrae stars. We used the program period04 (Lenz & Breger
2005) to perform a frequency analysis on the best light curve for each star. Our results
are reported in Table 3 where we list the correct classification for each star alongside
the fundamental and first overtone periods that we measured. For all stars the period
ratios between the two modes fall inside the expected range of 0.742-0.748 for this type
of variable star (Cox, Hodson & Clancy 1983; Moskalik 2014). The corresponding light
curves phased using the first overtone period are plotted in Figure 7.
3.4 RR Lyrae stars with improved periods
For the remaining 499 variables in our sample, the RR Lyrae classifications in the GCVS
are correct. However, we have been able to improve on the GCVS period estimates for
83 variables. These stars along with their improved periods are listed in Table 4. Again,
period changes in some of these variables may explain the differences between the GCVS
and our period estimates (e.g. 3UC204-103494). Note that the GCVS period estimates
are the best periods available for the other 416 RR Lyrae variables in our sample. We
clearly detect the Blazhko effect in ten of the variables listed in Table 4 and this is the first
detection of the effect in seven of them (see Skarka 2013). For 3UC188-089887, 3UC192-
101314, 3UC209-135992 and 3UC234-000057, we measure Blazhko periods of 69.7±0.5,
56.6±0.7, 38.8±0.2 and 80±4 d, respectively, using the power spectrum analysis described
in Section 3.5. For 3UC232-112040 and 3UC282-145093 we place lower limits of 100 and
80 d, respectively, on the Blazhko periods.
3.5 New detections of the Blazhko effect in RR Lyrae stars
Finally, while inspecting the light curves of the remaining 499 RR Lyrae stars in our sam-
ple, we looked for clear indications of amplitude and phase modulations that characterise
the Blazhko effect. We then checked our suspected Blazhko RR Lyrae stars against the
catalogue of known Galactic field Blazhko stars in Skarka (2013). We found 27 RR Lyrae
stars which clearly exhibit the Blazhko effect and which are not in the Skarka (2013)
catalogue. This brings the total number of RR Lyrae stars where we have detected the
Blazhko effect for the first time to 38 when taking into account the 4 and 7 such stars
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Figure 6. Phased light curves of the RR Lyrae stars with new sub-type classifications. The light curve
magnitudes are plotted relative to the mean magnitudes and the same magnitude range of 1.3 mag is
used in each plot. See Table 2 for the star brightnesses.
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Table 2. RR Lyrae stars with new sub-type classifications. Where listed, our period
estimates improve on the GCVS periods and they are precise to the last decimal
place quoted.
UCAC3 ID GCVS ID RA Dec. Variable Type UCAC3 Period (d)
(J2000.0) (J2000.0) GCVS This Work Aperture Mag GCVS This Work
167-134566 KW Lib 14 47 51.53 −06 34 45.9 RRAB RRC 14.146 0.3143 0.31269
167-146876 V0713 Oph 16 30 10.73 −06 48 02.1 RR RRAB 14.384 - 0.6858
169-288913 CH Aql 20 33 42.18 −05 38 49.3 RR RRAB 13.894 0.38918702 -
171-261192 V0909 Aql 20 21 59.39 −04 41 48.7 RR: RRAB 14.758 0.5756 0.5766
175-133697 FV Lib 14 48 50.96 −02 33 46.4 RR: RRABa,b 15.028 - 0.5404
176-139724 CI Ser 16 13 41.43 −02 20 23.0 RR RRAB 15.009 0.5383 0.5385
178-106570 V0494 Hya 08 43 42.26 −01 20 17.0 RRC: RRC 15.722 0.429765 -
186-277530 EL Del 20 55 23.08 +02 57 35.3 RR RRAB 14.285 0.595432 -
188-017334 FV Ori 04 50 43.55 +03 47 35.1 RR RRAB 16.486 0.55218 -
188-272097 V0911 Aql 20 23 47.28 +03 36 49.2 RR RRAB 15.897 - 0.46156
189-092449 V0516 Hya 09 11 37.56 +04 02 30.4 RRAB: RRC 13.150 0.346612 0.34666
190-098351 UV Hya 09 38 15.28 +04 45 36.5 RR: RRAB 14.153 - 0.7072
191-097728 CY Hya 09 10 20.88 +05 20 51.1 RR RRABa,b 14.615 0.57693446 -
191-135029 V1429 Oph 17 07 15.15 +05 15 08.2 RR RRAB 14.187 - 0.3651
192-019411 GO Ori 04 56 31.49 +05 35 33.7 RR RRAB 15.092 - 0.53496
192-101481 IU Hya 09 06 17.78 +05 45 45.3 RR: RRAB 15.022 - 0.58033
192-137593 V1053 Oph 16 54 46.95 +05 42 16.5 RR: RRAB 14.921 4.03 0.578
193-136954 V1056 Oph 16 59 23.92 +06 20 15.5 RR: RRAB 16.249 - 0.593
193-138339 V2598 Oph 17 05 43.58 +06 25 41.5 RRC RRAB 14.428 0.38749054 0.634
194-138355 V2620 Oph 16 51 05.97 +06 57 47.9 RRAB: RRAB 15.329 0.456 -
196-108163 BF Cnc 08 42 12.75 +07 48 38.0 RR RRAB 15.928 - 0.58706
196-147555 V1600 Oph 17 11 41.45 +07 32 11.1 RR RRC 15.308 - 0.3080
196-147660 V1060 Oph 17 12 16.20 +07 41 25.4 RR: RRAB 15.475 - 0.4404
198-016854 CK Tau 04 36 44.96 +08 54 24.4 RR RRAB 14.808 - 0.6009
199-147743 V0612 Her 16 45 06.95 +09 02 33.6 RR RRAB 15.233 - 0.5807
201-293397 KL Del 20 38 55.50 +10 29 03.2 RR: RRAB 14.821 - 0.44110
202-143008 V1061 Oph 17 14 29.98 +10 43 07.5 RR RRABa,b 14.966 - 0.58940
203-138413 V1057 Oph 17 01 06.77 +11 03 17.6 RR RRAB 15.398 - 0.61805
204-133223 V0605 Her 16 40 41.80 +11 51 58.1 RR RRAB 13.699 - 0.61129
204-137112 V1322 Oph 17 03 43.25 +11 51 55.5 RR RRAB 16.071 - 0.46955
205-132043 V0546 Her 16 41 22.37 +12 25 10.8 RR RRAB 14.706 - 0.467245
205-132516 V0549 Her 16 44 03.55 +12 11 37.9 RR RRAB 16.112 - 0.58518
205-134003 V1122 Oph 16 53 44.99 +12 24 46.6 RR: RRAB 16.128 - 0.50378
206-140396 V0461 Her 17 10 49.32 +12 52 50.9 RR RRABa,b 13.264 0.51301 -
207-032377 EX Tau 05 44 19.60 +13 27 54.3 RR RRAB 15.159 - 0.5556
209-029649 V0743 Ori 05 34 58.37 +14 25 26.9 RR RRAB 15.722 - 0.5001
209-140719 V0552 Her 17 30 11.83 +14 22 34.5 RR RRAB 13.339 - 0.37846
215-306534 HT Del 20 54 39.59 +17 12 02.2 RR RRAB 16.117 0.362494 0.5699
216-136406 BH Her 17 12 45.04 +17 42 31.0 RR: RRAB 15.793 - 0.54514
219-110408 MU Boo 14 48 14.73 +19 20 19.1 RRC: RRC 14.205 0.320375 -
221-099706 GN Cnc 09 16 04.44 +20 04 23.4 RR: RRC 8.689 - 0.3624
222-128918 V0383 Her 17 16 28.23 +20 58 44.0 RRC RRAB 15.960 0.39722 0.56801
223-112419 CM Leo 11 56 14.22 +21 15 30.2 RRAB RRC 13.934 0.361732 -
226-112429 BU Boo 14 01 42.58 +22 30 15.6 RRAB RRC 14.853 0.445 0.4451
227-103944 AH Leo 11 05 05.30 +23 21 09.0 RR RRABa 14.717 - 0.4663
227-118042 V0682 Her 16 12 19.89 +23 19 34.7 RR RRC 15.783 - 0.3102
236-044458 IY Tau 05 42 23.13 +27 56 47.6 RRAB RRCc 12.650 0.3764897 0.37651
237-126582 V0864 Her 16 59 00.56 +28 04 54.7 RRC: RRC 15.109 - 0.37537
238-104806 NW UMa 11 16 55.26 +28 33 34.3 RRAB: RRAB 15.650 0.5896 0.5895
240-107056 VZ UMa 11 17 28.28 +29 40 30.1 RR RRAB 14.452 - 0.5154
248-106642 AT CVn 12 18 17.05 +33 39 56.0 RRAB: RRC 15.060 - 0.3585
276-118718 BN CVn 12 29 36.75 +47 49 17.3 RR: RRAB 12.609 - 0.56365
279-110274 DT UMa 08 53 44.85 +49 18 40.1 RR RRC 15.787 - 0.32114
282-141956 V1104 Cyg 19 18 00.49 +50 45 17.8 RR RRAB 14.797 0.43626 0.43639
283-142638 V1127 Cyg 19 32 05.81 +51 17 48.8 RR RRAB 15.536 - 0.64727
284-142523 V1116 Cyg 19 24 03.28 +51 39 52.6 RR RRAB 15.493 - 0.53853
285-135326 CD Dra 18 54 51.52 +52 28 45.1 RR RRAB 16.147 - 0.5699
286-140138 V1118 Cyg 19 24 42.97 +52 32 50.8 RR RRAB 15.860 - 0.50654
287-136993 V1106 Cyg 19 19 01.50 +53 25 15.8 RR RRAB 15.160 2.04 0.40764
294-139890 CI Dra 19 25 32.47 +56 43 32.4 RR RRAB 16.243 - 0.47089
300-132253 CY Dra 19 46 05.23 +59 34 26.3 RR: RRAB 12.775 - 0.53494
aClearly exhibits the Blazhko effect in our data.
bNot listed in the set of known Galactic field Blazhko RR Lyrae stars from Skarka (2013).
cThe light curve has a strange shape for an RR Lyrae star. However, the period and amplitude are consistent with an RRC
classification.
listed in Tables 2 and 4, respectively. We confirmed the presence of the Blazhko effect in
19 of these 27 variables by analysing the power spectra of the light curves using period04.
We did this by prewhitening the power spectrum for the primary frequency f0 (and the
harmonics where necessary) and considered the Blazhko effect to have been detected in
the power spectrum if the next highest peak fpeak has a significant amplitude (>0.02-0.05
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Table 3. Double-mode RR Lyrae stars in our sample that are pulsating simultaneously in
the fundamental and first overtone modes. In column 9, we list the fundamental and first
overtone periods P0 and P1, respectively, along with the period ratio P1/P0 that we
measure from our data. These periods are precise to the last decimal place quoted.
UCAC3 ID GCVS ID RA Dec. Variable Type UCAC3 Period (d) Period (d)
(J2000.0) (J2000.0) GCVS This Work Ap. Mag GCVS This Work : P0, P1, P1/P0
173-108416 V0500 Hya 08 47 46.93 −03 39 00.3 RR(B) RR(B) 10.661 0.42079 0.5639, 0.4208, 0.7462
183-255136 QW Aqr 21 07 26.08 +01 10 17.6 RR(B) RR(B) 13.794 0.35498 0.4772, 0.3551, 0.7441
201-119785 AQ Leo 11 23 55.28 +10 18 59.1 RR(B) RR(B) 12.679 0.5497508 0.5498, 0.4102, 0.7461
206-276118 CF Del 20 23 31.36 +12 59 30.5 RR RR(B) 14.307 0.49923 0.47843, 0.35604, 0.74418
218-133356 V0458 Her 17 08 30.92 +18 31 14.3 RRC RR(B) 13.305 0.3599801 0.48352, 0.35998, 0.74450
248-100379 WY LMi 09 30 23.25 +33 53 10.6 RRAB RR(B) 15.391 0.420003 0.4923, 0.3662, 0.7439
263-117859 BN UMa 11 16 22.91 +41 14 01.4 RRC RR(B) 13.787 0.399901 0.53594, 0.39965, 0.74571
mag depending on light curve quality) and a ratio to the primary frequency in the range
∼0.95-1.05 (Benko˝, Szabo´ & Paparo´ 2011). The Blazhko period is then estimated via
Pbl = 1/ |fpeak − f0|. We present the details of these Blazhko variables in Table 5 and we
plot the phased light curves in Figure 8. In four cases where we could not estimate the
Blazhko period from the power spectrum, we were still able to place lower limits on the
Blazhko period by inspecting the unphased light curve.
Figure 7. Phased light curves of the double-mode RR Lyrae stars. The light curves are phased with
the first overtone period. The magnitude range in each plot is 1.0 mag.
3.6 Electronic light curve data
We provide the 1783 light curves for the sample of 588 photometrically variable objects
described in this paper in 6106-d1.txt. The 588 variables breakdown by type as follows:
482 RRAB, 78 RRC, 7 RR(B), 13 EW, 1 EA, 1 RS, 1 IA, 3 DCEP, 1 DCEPS and 1
CWB. An excerpt from the 6106-d1.txt is presented in Table 6. The light curves will also
be made available via CDS (Strasbourg) where we hope that the data will be of further
use to the astronomical community.
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Table 4. RR Lyrae stars with improved periods. Our periods are precise to the last
decimal place quoted.
UCAC3 ID GCVS ID RA Dec. Variable Type UCAC3 Period (d)
(J2000.0) (J2000.0) Aperture Mag GCVS This Work
170-106909 DG Hya 08 58 06.36 −05 26 25.2 RRAB 12.569 0.429973 0.75425
173-130413 HR Vir 13 42 28.63 −03 37 32.7 RRAB 14.414 - 0.7394
176-019652 V0964 Ori 05 07 54.52 −02 08 48.7 RRAB 13.267 0.5046561 0.50464
177-017006 V1830 Ori 04 49 34.97 −01 42 19.5 RRC 15.955 0.276438 0.2734
177-261611 V0910 Aql 20 23 11.69 −01 33 57.5 RRAB 14.725 1.0 0.50019
179-018625 V1844 Ori 05 03 36.84 −00 59 57.1 RRAB 15.057 0.778216 0.58908
179-140408 V0694 Oph 16 22 47.53 −00 49 37.5 RRAB 14.845 0.62 0.6207
179-141655 V0714 Oph 16 30 03.08 −00 59 56.5 RRAB 14.543 0.556 0.5557
182-001386 BF Cet 00 27 03.97 +00 40 30.3 RRC 13.856 - 0.38034
188-089887 CW Hya 08 55 07.81 +03 39 24.7 RRABa,b 15.904 0.4820734 0.48050
192-101314 V0430 Hya 09 04 48.58 +05 30 08.3 RRABa,b 12.803 0.49691 0.496830
193-135481 V2509 Oph 16 51 29.85 +06 22 26.2 RRAB 13.352 - 0.7786
194-125256 GT Vir 14 56 48.38 +06 48 27.7 RRAB 15.089 0.4080564 0.68931
195-285152 LX Del 20 52 18.98 +07 08 46.8 RRAB 13.876 - 0.5669
197-007736 BP Cet 02 24 52.15 +08 24 05.0 RRAB 14.897 - 0.6924
197-143679 V1013 Her 16 24 49.66 +08 04 14.1 RRAB 13.258 - 0.6448
199-293401 LW Del 20 38 27.40 +09 12 05.4 RRAB 12.890 - 0.5811
200-000971 FF Psc 00 17 48.58 +09 53 22.1 RRAB 12.441 0.70119 0.70110
201-029115 V0944 Ori 05 36 11.40 +10 29 23.0 RRAB 15.456 - 0.5873
201-114082 DL Leo 09 43 03.58 +10 19 01.3 RRAB 13.551 - 0.67378
203-295430 DG Del 20 35 44.20 +11 28 09.0 RRAB 15.797 0.326961 0.4905
203-295942 DI Del 20 36 49.52 +11 20 21.9 RRAB 15.487 0.367221 0.5803
204-103494 AM Cnc 08 56 14.84 +11 37 20.6 RRAB 14.815 0.557615 0.55803
204-113713 GP Leo 11 45 45.53 +11 52 08.5 RRAB 13.952 - 0.6793
204-293402 HV Del 20 33 19.53 +11 32 01.7 RRAB 15.636 0.721265 0.5649
207-115598 LL Leo 11 30 53.62 +13 19 28.4 RRAB 13.144 0.3324 0.33239
209-135992 V1124 Her 17 04 32.86 +14 26 32.7 RRABa 12.426 0.551 0.55103
211-103053 KW Cnc 08 40 47.96 +15 24 52.4 RRAB 14.591 0.60102 0.60044
211-128841 AW Ser 16 06 28.79 +15 22 05.8 RRAB 12.983 0.597097 0.597114
211-291434 CS Del 20 28 54.87 +15 13 14.0 RRC 12.912 0.365737 0.37088
212-310112 V0398 Peg 21 08 57.95 +15 56 55.3 RRAB 13.893 0.55259 0.55136
213-110778 HY Com 12 18 16.02 +16 09 15.9 RRC 10.281 - 0.4488
214-112667 BX Leo 11 38 02.06 +16 32 36.2 RRC 11.771 0.36286 0.36277
215-288176 CH Del 20 23 18.39 +17 06 13.5 RRC 13.176 0.4596 0.31499
216-128398 V0686 Her 16 14 23.25 +17 56 35.2 RRAB 14.800 0.510987 0.511004
216-129723 V0695 Her 16 25 58.65 +17 42 52.0 RRABa,b 14.574 0.678788 0.67884
216-339177 V0611 Peg 23 46 41.17 +17 38 02.6 RRAB 13.794 0.58868 0.588665
216-339421 V0419 Peg 23 50 05.03 +17 53 44.0 RRAB 14.674 0.60373 0.60370
218-287254 EO Del 20 37 47.72 +18 55 30.6 RRAB 14.378 0.580861 0.57990
219-270870 II Del 20 50 01.18 +19 11 43.5 RRC 14.558 0.408021 0.4078
224-130750 SW Her 16 58 27.56 +21 32 51.5 RRAB 14.956 0.49287277 0.492861
225-123239 V0504 Ser 16 01 52.29 +22 22 47.9 RRAB 14.169 0.56396 0.563833
225-131962 V0382 Her 17 16 17.21 +22 01 04.5 RRAB 15.934 0.4556118 0.45554
225-265413 FH Vul 20 40 19.89 +22 13 24.3 RRAB 13.267 0.4054185 0.405412
227-031814 HX Tau 05 10 48.79 +23 12 22.7 RRAB 15.298 0.53875 0.53826
227-119598 V0362 Her 16 30 39.55 +23 26 41.7 RRAB 14.791 0.718297 0.7185
228-098638 EZ Cnc 08 52 57.67 +23 47 54.2 RRAB 12.404 - 0.54578
228-261882 BL Peg 21 22 59.51 +23 53 32.1 RRABa,b 14.433 0.55543 0.55555
229-254073 V0507 Vul 20 49 45.85 +24 12 44.9 RRC 11.848 0.336126 0.33607
230-118556 V0677 Her 16 08 04.15 +24 59 20.2 RRAB 14.387 0.475716 0.475728
230-120541 V1186 Her 16 29 14.78 +24 59 38.7 RRAB 13.894 0.44032 0.44025
231-126743 V0467 Her 17 12 50.79 +25 01 48.6 RRAB 14.850 0.6835066 0.65352
232-094191 AS Cnc 08 25 42.16 +25 43 08.5 RRAB 12.998 0.61752 0.61754
232-096427 SX Cnc 08 51 19.58 +25 33 24.3 RRAB 14.026 0.5101754 0.51016
232-111124 IY Boo 14 19 39.22 +25 47 24.1 RRAB 14.462 0.59165 0.59171
232-112040 LN Boo 14 37 09.05 +25 44 46.6 RRABa,b 13.997 0.46675 0.46667
234-000057 GV Peg 00 00 35.59 +26 39 49.5 RRABa,b 13.600 0.5669237 0.56607
235-118691 CT CrB 16 18 34.34 +27 28 13.2 RRABa 14.271 0.508646 0.50858
236-097672 KV Cnc 08 40 02.43 +27 43 31.5 RRABa 12.916 0.502 0.5020
236-123949 V0860 Her 16 50 38.71 +27 58 40.3 RRAB 16.051 - 0.57083
237-108110 EF Leo 11 49 10.95 +28 00 25.6 RRAB 15.891 - 0.5979
237-274829 V0466 Vul 21 05 22.87 +28 17 49.4 RRAB 14.752 0.4759 0.47592
239-000617 IQ Peg 00 06 05.70 +29 19 12.6 RRAB 16.319 - 0.47993
240-120704 RV CrB 16 19 25.85 +29 42 47.6 RRC 11.387 0.331565 0.33172
245-013999 VX Tri 02 10 00.87 +32 24 08.9 RRAB 14.576 - 0.6331
247-105751 CK Com 12 14 50.60 +33 06 05.9 RRAB 14.727 0.6939962 0.6938
248-104694 V0345 UMa 11 17 49.43 +33 40 14.8 RRAB 14.434 0.57667 0.57662
248-106344 DN CVn 12 09 17.00 +33 39 35.5 RRC 15.083 0.3266873 0.32625
251-289738 DM And 23 32 00.72 +35 11 48.9 RRAB 11.978 0.630387 0.6305
254-099280 VY LMi 09 27 41.32 +36 58 22.4 RRAB 13.838 - 0.52614
255-095249 DQ Lyn 08 23 40.99 +37 28 10.8 RRC 11.670 - 0.4949
257-098638 EN Lyn 08 46 07.04 +38 02 52.7 RRAB 13.554 0.6249 0.6251
262-118704 AO UMa 11 07 39.83 +40 33 57.2 RRAB 15.749 0.561614 0.56265
263-257028 DY And 23 58 42.21 +41 29 19.4 RRAB 13.674 0.603087 0.60323
266-126680 AQ UMa 11 12 59.53 +42 48 41.7 RRAB 16.369 0.644029 0.6433
266-127186 AV UMa 11 29 40.53 +42 44 24.7 RRAB 15.935 0.479483 0.47911
272-115635 AX UMa 11 38 26.84 +45 56 05.9 RRAB 13.591 0.53491 0.53468
278-047793 AN Per 03 08 31.34 +48 32 40.4 RRAB 14.367 0.602818 0.6021
282-136249 DT Dra 18 49 57.25 +50 35 12.8 RRAB 13.625 - 0.52664
282-145093 V1949 Cyg 19 30 12.47 +50 48 21.2 RRABa,b 13.714 - 0.4994
293-139097 XZ Cyg 19 32 29.31 +56 23 17.5 RRAB 9.500 0.4667 0.4666
297-143410 V1035 Cyg 20 05 41.44 +58 02 48.9 RRAB 15.798 0.5321 0.5318
312-073056 V0420 Dra 19 18 09.26 +65 35 17.7 RRC 12.780 0.32963 0.32951
aClearly exhibits the Blazhko effect in our data.
bNot listed in the set of known Galactic field Blazhko RR Lyrae stars from Skarka (2013).
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Figure 8. Phased light curves of the RR Lyrae stars exhibiting the Blazhko effect and that are not in
the catalogue of Skarka (2013). The magnitude range in each plot is 1.4 mag.
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Table 5. New detections of the Blazhko effect in Galactic RR Lyrae stars. These stars
are not listed in the catalogue of Skarka (2013).
UCAC3 ID GCVS ID RA Dec. Variable UCAC3 Period (d) Blazhko
(J2000.0) (J2000.0) Type Aperture Mag GCVS Period (d)
162-283238 PQ Aqr 20 43 15.75 −09 09 28.7 RRAB 13.713 0.512286 -
164-130527 V0574 Vir 14 34 30.48 −08 18 32.7 RRAB 14.529 0.47439 26.3±0.3
172-132806 V0586 Vir 14 39 47.52 −04 08 05.3 RRAB 13.376 0.682772 132±3
174-136150 V0585 Vir 14 39 27.36 −03 27 36.6 RRAB 12.872 0.601615 93.8±0.4
174-247961 PS Aqr 20 44 03.69 −03 23 12.3 RRAB 14.411 0.59102 -
175-104590 V0486 Hya 08 30 29.83 −02 42 36.8 RRAB 13.107 0.508655 18.5±1.0
176-131910 MS Lib 14 53 32.99 −02 06 51.5 RRAB 14.445 0.441448 105±10
178-129959 V0561 Vir 14 28 40.65 −01 27 59.4 RRAB 15.893 0.550276 42.0±0.6
186-091699 V0487 Hya 08 32 57.03 +02 59 02.9 RRAB 13.447 0.561485 64.4±0.3
186-092895 GL Hya 08 40 59.22 +02 37 22.2 RRAB 13.409 0.50593 157±10
193-094864 V0425 Hya 08 20 51.78 +06 28 24.2 RRAB 14.829 0.5508 61.1±0.2
194-123163 AF Vir 14 28 09.82 +06 32 43.9 RRAB 11.507 0.48376 35±5
201-137842 V1162 Her 16 17 00.49 +10 17 27.9 RRAB 13.429 0.547925 -
204-017429 V1327 Tau 04 40 09.89 +11 43 17.0 RRC 13.169 0.3312 23.7±0.3
206-121944 UY Boo 13 58 46.34 +12 57 06.5 RRAB 11.001 0.6508964 -
208-001501 FI Psc 00 23 22.80 +13 45 40.8 RRAB 13.590 0.53129 >120
209-121247 LS Boo 14 38 21.77 +14 24 55.1 RRAB 13.624 0.5527108 42.9±1.9
216-112989 AE Leo 11 26 12.19 +17 39 39.7 RRAB 12.508 0.626723 62±4
216-121383 LW Boo 14 40 32.61 +17 35 57.3 RRAB 13.434 0.56342 63.9±0.6
217-331820 V0606 Peg 23 41 58.75 +18 13 01.4 RRAB 12.564 0.52966 26.7±0.3
228-114655 DD Boo 14 51 20.08 +23 32 30.0 RRCa 12.889 0.3393397 9.64±0.02
237-128729 V0385 Her 17 16 26.66 +28 05 56.4 RRAB 15.499 0.5281428 >100
238-035854 NU Aur 05 09 02.37 +28 40 52.7 RRAB 13.436 0.53941672 >60
239-115076 XX Boo 14 51 37.56 +29 21 26.7 RRAB 12.061 0.581402 148±7
248-099777 FW Lyn 09 19 51.49 +33 52 23.9 RRAB 13.650 0.52174 >110
296-130079 NQ Dra 18 44 13.17 +57 40 59.4 RRAB 13.752 0.52919 34.5±0.4
304-116701 V0429 Dra 19 59 32.15 +61 31 21.0 RRAB 14.994 0.5862 87.0±2.2
aAlthough the amplitude modulations are small, they are clear to the eye in the unphased light curve and they are strongly
detected in the power spectrum. To help confirm our conclusions for this star, we checked the literature and found that
Gomez-Forrellad & Garcia-Melendo (1995) also suspected this star of exhibiting the Blazhko effect.
Table 6. Time-series photometry for the 588 variable stars described in this paper.
The epoch of mid-exposure (heliocentric Julian date) is listed in column 4. The
magnitudes in column 5 are calibrated QES magnitudes. Column 6 contains the
uncertainties on the magnitudes. The light curve identifier string is listed in
column 7 and consists of a concatenation of the target field name, a camera
identifier and an observing campaign identifier.
UCAC3 ID GCVS ID Variable HJD m σm Light Curve
Type (d) (mag) (mag) Identifier
3UC161-102683 DH Hya RRAB 2455639.60565 12.265 0.256 084014−044854 416 C5
3UC161-102683 DH Hya RRAB 2455639.61285 12.347 0.262 084014−044854 416 C5
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
3UC161-102683 DH Hya RRAB 2455639.61110 12.268 0.377 092014−044854 416 C5
3UC161-102683 DH Hya RRAB 2455639.61810 12.296 0.380 092014−044854 416 C5
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
3UC162-107613 SZ Hya RRAB 2455229.77350 11.529 0.076 091000−071400 403 C2
3UC162-107613 SZ Hya RRAB 2455229.78082 11.427 0.045 091000−071400 403 C2
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
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Introduction
The research on long period variables (LPVs) experienced a significant upturn in the past
two decades when large photometric surveys led to a huge number of high quality LPV
light curves. Major steps forward in our understanding were possible by the observation
of stellar samples with known distance, in particular those from the Magellanic Clouds
(e.g. Wood 2000, Lebzelter et al. 2002, Fraser et al. 2005, Soszyn´ski et al. 2007). It was
found that the pulsation of any LPV follows one of several parallel period-luminosity (PL)
relations. To better understand this variability behavior, two of us (TL, PW) initiated
a monitoring program to detect and characterize LPVs in stellar clusters. For a detailed
description of this program we refer to Lebzelter & Wood (2011) and references therein.
Observations and data reduction are briefly summarized below.
Within this program we monitored the open cluster IC4651. Several photometric and
spectroscopic studies exist for this cluster in the literature, among the most recent ones
being Anthony-Twarog et al. (2000), Meibom et al. (2002), Pasquini et al. (2004), and
Mikolaitis et al. (2011). IC4651 is an intermediate age open cluster (1.7Gyr) at a distance
of about 1.01±0.05 kpc and a reddening value of E(B−V )=0.1 mag (Meibom et al. 2002;
Pasquini et al. 2004). Various spectroscopic studies on cluster dwarfs suggest a slightly
super-solar metallicity (e.g. Carretta et al. 2004, Pace et al. 2008). A depletion of carbon
and an overabundance of nitrogen relative to the sun have been reported by Mikolaitis et
al. (2011).
Observation and data reduction
Monitoring of IC4651 started in May 2002 at the 50 inch telescope at Mount Stromlo.
The telescope was equipped with a two channel camera used earlier for the MACHO
experiment (Alcock et al. 1992) and it obtained red and blue images simultaneously. The
wavelength centre of the blue channel was similar to that of Johnson V , while the centre
of the red channel was close to that of Johnson R. Observations were obtained once to
twice a week. Our monitoring came to an abrupt stop after a few months when Mount
Stromlo observatory was destroyed by a bush fire. Altogether we collected 23 frames over
130 days, but only 17 frames were usable for our analysis. All observations were done in
queue observing mode.
2Since in the blue band the light amplitude of long period variables is typically larger
than in the red (e.g. Fox & Wood 1982), the blue range received a higher weight for
detecting and characterizing variables. The presence of bad pixels did not allow to search
for variability in all the stars in our field of view.
The image subtraction code ISIS 2.1 (Alard 2000) was used for the detection of variable
stars and extraction of light curve data. Stellar fluxes of the candidate stars on the refer-
ence frame were measured using standard IRAF routines. To determine the photometric
zero point, the known V mag of several standard stars from the Guide Star Catalogue
(Lasker et al. 2008) were compared with our calculated values. No correction has been
made for the difference between Johnson V and MACHO Blue.
Among the 150 variable star candidates detected in the observed field, the long period
variables were selected based on the brightness (on the upper giant branch), timescale of
the variation (more than 30 days), and a total light amplitude in V of at least 0.05 mag.
The period search was done using Period98 (Sperl 1998), a code which computes a discrete
Fourier transformation in combination with a least-squares fitting of multiple frequencies
on the data. We considered a maximum of two periods for each star. We note that for the
typical periods of tens of days found for the variables, the light curves are well sampled
so that aliasing should not be a significant problem. Due to the semi-regular nature of
LPVs, any periodicity found represents only a snapshot of a possibly more complex light
curve, and some non-detected variability of much longer time scales (more than 250 days)
may exist as well.
Results
One likely LPV had been detected in IC4651 in the course of the ASAS survey (Pojmanski
& Maciejewski 2004). We could confirm that detection and found three new long period
variables in the cluster. All four stars are listed in Table 1 with their coordinates, V
and DENIS I magnitudes, periods, amplitudes, and 2MASS magnitudes. We used V1 as
identifier for the known variable while other variables were named using the prefix ’SLW’.
In Figure 1, the light variations of the four LPVs are plotted against time starting
with the first date of our time series. Also shown are synthetic light curves using the
periods given in Table 1. From previous work on similar data sets we estimate a typical
photometric error around 0.02mag. The weakest point in the light curve of SLW3 may
have a higher photometric uncertainty. As one can see, all the variables have a period
exceeding 60-70 days. At least one complete variability cycle has been covered for each
star. We cannot say anything about possible long secondary periods in these stars since
they are expected to exceed the time span of our monitoring by a factor of about six. The
period we find for V1 is in good agreement with the literature value of 93.8 d.
Along with the variable stars for which we can estimate a period, we have listed 3
stars in Table 2 that showed variability but without a clear periodicity. This may be due
to a truly irregular nature of their light change, but the length of our time series is not
sufficient to clearly classify them as long period variables.
Concerning the membership in IC4651 of the stars in Tables 1 and 2, we can rely on a
few studies found in the literature and the stars’ locations in the cluster’s colour-magnitude
diagram (CMD, Fig. 2). Unfortunately, there is very little information available for V1.
Based on the CMD, its membership is rather unlikely, since the star is clearly offset to
the red from the cluster’s giant branch. Much better data exist for the newly discovered
variables. SLW1, SLW2, SLW3, SLW5, and SLW6 all show radial velocities very close to
the mean cluster velocity (Meibom et al. 2002, Kordopatis et al. 2013). Including also
3Table 1: Long period variables in the field of IC4651
Name RA(2000) Dec(2000) Vmean I
a
J H K Period ∆V
[mag] [mag] [mag] [mag] [mag] [d] [mag]
V1 17 25 09.35 −49 52 03.6 12.89 9.413 7.007 6.051 5.646 97 0.75
SLW1 17 25 08.95 −49 53 57.1 9.28 8.641 5.747 4.948 4.660 114 0.06
SLW2 17 24 49.48 −49 57 26.7 11.01 9.809 8.901 8.350 8.209 73 0.4
SLW3 17 24 33.40 −49 54 56.0 10.54 9.109 8.137 7.528 7.341 85 0.27
a
I-band data taken from DENIS database.
Table 2: Long period variable candidates of IC4651 with unknown periods
Name RA(2000) Dec(2000) Vmean I
a
J H K
[mag] [mag] [mag] [mag] [mag]
SLW4 17 25 14.50 −50 02 49.2 11.51 10.203 9.408 8.881 8.740
SLW5 17 24 54.16 −49 53 07.5 10.53 9.182 8.081 7.469 7.264
SLW6 17 24 46.71 −49 54 07 11.04 9.728 8.912 8.391 8.247
a
I-band data taken from DENIS database.
proper motion information, Kharchenko et al. (2004) give a high membership probability
to these five stars. However, membership probabilities from proper motion data do not
give a homogeneous result (e.g. Dias et al. 2006). SLW4 is probably a field star according
to its radial velocity.
While the radial velocity data suggest a membership of most of the newly detected
variables, the situation is not as clear when combining variability information and location
in the cluster’s CMD. Using an age of 1.7Gyr, a star on the upper giant branch would
have had a main sequence mass of about 1.7M⊙ (Bertelli et al. 2008). The tip of the RGB
of IC4651 would then be near K=4.0. SLW1 is therefore located about half a magnitude
below the RGB tip, SLW2-6 are 3-4 magnitudes below the RGB tip. Thus these variables
could be either RGB or early-AGB stars of the cluster. Two stars, SLW2 and 3, have
photometric amplitudes of a few tenths of a magnitude and periods of ≈80 days. However,
such an amplitude and period, while typical of an AGB star, is not expected for an object
that far below the RGB tip according to results from the Magellanic Clouds (cf. Kiss
& Bedding 2003). Their variability behaviour suggests that these stars are more likely
background objects. However, considering the cluster’s location this would place them
≈700 pc above the Galactic plane, which would be quite unlikely. Further studies of these
two stars are needed to clarify their nature. SLW1 has a photometric amplitude of less
than 0.1mag, so we think it is an RGB or AGB star belonging to the cluster.
The number of known long period variables with independently defined masses is still
very small, in particular for masses above 1M⊙. A systematic search of LPVs in open
clusters is an important source for increasing this number. In this paper we presented
several candidates that are possibly members of the intermediate-age cluster IC4651.
Further studies are needed to confirm and characterize their nature.
Acknowledgements: The work of TL has been supported by the FWF under project
number P23737-N16. This research has made use of the VizieR catalogue access tool,
CDS, Strasbourg, France.
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Figure 1. Light curves of the four variables detected in IC4651. Fits to the brightness change are
based on the periods given in Table 1. The time axis starts at JD 2452410, the start of our monitoring.
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Figure 2. 2MASS colour-magnitude diagram for sources 10 arcminutes around the centre of IC4651.
The LPVs from Tables 1 and 2 are marked. The position of the giant branch in this intermediate age
cluster is consistent with the positions of variables SLW 1-6 (see the collection of intermediate age
giants in Fig. 2 of Bessel et al. (1983), adjusted for a distance modulus of 10.0).
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1 Introduction
The Kepler space telescope was launched into orbit in early 2009 with a task to observe
about 170 000 stars with unprecedented photometric precision and temporal coverage
(Borucki et al. 2010). The original field-of-view was located in the Lyra-Cygnus region
at high ecliptic latitudes. Kepler observed this field for almost exactly 4 years, providing
revolutionary data for several areas, but the failure of its second reaction wheel in May
2013 effectively ended its original mission.
The amount of classical pulsators, Cepheids and RR Lyrae stars, was somewhat limited
in the Lyra-Cygnus field. Before the start of the mission, 57 stars were proposed as RR
Lyrae targets but 23 of them soon turned out to be other types of stars (Kolenberg et al.
2010). A few targets were discovered later either by the ASAS survey or as contaminants
in the pixel apertures of other stars, bringing back the sample size close to 50.
About half of the fundamental-mode RR Lyrae stars turned out to be modulated. The
analysis of the 4-year-long rectified data sets revealed that a very high fraction, about
80% shows multiple modulation periods (Benko˝ et al. 2014). Several of the Blazhko stars
show various additional modes and/or period doubling. The sample size, however, is low:
Benko˝ et al. (2014) created rectified data sets for only 15 stars after excluding the blended
targets and the bright and heavily saturated RR Lyr, the eponym of the class. A larger
population of modulated stars is needed to determine the occurrence rates and especially
the various interrelations of the dynamical effects.
Other space photometric missions observed only a handful of RR Lyrae stars. MOST
measured AQ Leo, the archetype of the double-mode subclass but most RR Lyraes are
too faint for the small telescope (Gruberbauer et al. 2007). Thirteen stars (10 RRab,
2 RRc 1 RRd stars) were identified in the first CoRoT fields (from IR1 to LRC04) and
others are expected in the later fields but a thorough search has not been carried out yet
(Szabo´ et al. 2014).
Before the mission, only a single classical Cepheid, V1154 Cyg was known in the Kepler
field. Despite a thorough search, no other stars were discovered (Szabo´ et al. 2011). V1154
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Cyg itself turned out to be a rewarding target, revealing significant fluctuations in its light
curve (Derekas et al. 2012). Similar effects were discovered in two other classical Cepheids
with MOST (Evans et al. 2014). A handful of stars have been classified as Cepheids in the
early CoRoT data, but those have not been investigated in detail, therefore it is unclear
which subtypes are present in the sample (Debosscher et al. 2009).
2 The K2 mission
After the failure of the second reaction wheel, the operators of Kepler invited the scientific
community to submit white papers detailing the possible uses and techniques for the space
telescope. With the help of this feedback, a new mission scenario was devised. Named
K2, after both the two-wheel operation mode and the enigmatic and challenging peak in
the Karakoram Range, the new mission will carry out shorter-duration campaigns along
the ecliptic and will cover several fields in the sky. This setting will allow the telescope to
balance against the radiation pressure of the Sun while maintaining attitude in the other
two directions with the remaining reaction wheels.
Although the 75-day duration of the campaigns will be much shorter than the time
base of the prime mission, the availability of very diverse fields will obviously provide
adequate justification for it. Moreover, the 75-day-long campaigns are still longer than
most space-based observations. They were only exceeded by the CoRoT long runs that
lasted for about 150 days. In the foreseeable future, the regions around the ecliptic poles
will be covered by TESS for about one year and after that only PLATO, to be launched
in 2024, will carry out multi-year observations (Rauer et al. 2014).
2.1 Target selection
Target selection for the first few fields, including the two-wheel engineering test run, had
to be carried out on short time scales, usually within a few weeks. Surveying the fields
with new observations was unfeasible, hence we only proposed stars that were already
marked as (potential) Cepheid or RR Lyrae stars in various databases.
As a start we queried the stars designated as either RR Lyrae or some subclass of
Cepheids from SIMBAD. The main drawback of SIMBAD is that in most cases we cannot
verify the classification with actual light curves. Therefore we searched the time-domain
photometric databases thoroughly. The All Sky Automated Survey1 (ASAS; Pojmanski
1997) provides classifications but the photometric accuracy of the data drops considerably
below 10-11th magnitudes. We also used the databases of the Northern Sky Variability
Survey2 (NSVS; Woz´niak et al. 2004), SuperWASP3 (Paunzen et al. 2014) and the IN-
TEGRAL Optical Monitoring Camera4 (IOMC; Mas-Hesse et al. 2003).
The two most valuable sources for RR Lyrae targets were the asteroid-searching surveys
that scanned large portions of the sky repeatedly with moderate-sized telescopes to detect
faint objects. Most of these data was already mined for RR Lyrae stars to conduct
statistical studies and search for stellar streams and other structures in the galactic halo.
The LINEAR database5 contains all types of RR Lyrae stars (Sesar et al. 2013) but covers
right ascensions between 8 an 18 hours only and mostly above the celestial equator. The
1http://www.astrouw.edu.pl/asas/
2http://skydot.lanl.gov/
3http://wasp.cerit-sc.cz
4http://sdc.cab.inta-csic.es/omc
5http://www.astro.washington.edu/users/ivezic/linear/PaperIII/PLV.html
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Catalina Survey data6 covers a larger area, most of the sky above δ ∼ −20◦, except for
a wide band along the Milky Way. A second, deeper survey (Mt. Lemmon Survey, MLS)
was carried out along the ecliptic plane as well, but in both cases only the RRab stars
were identified (Drake et al. 2013a,b). The LONEOS Phase I data that mostly covered
the ecliptic was also mined for RRab stars (Miceli et al. 2008). The distribution of RR
Lyrae stars from the various databases are shown in Figure 1. The complete classification
of the Catalina data was released only very recently and will be used for target selection
from Field 4 onwards (Drake et al. 2014).
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Figure 1. Distribution of RR Lyrae stars in the five major data sets we used for target selection.
Cepheids have been classified only in SIMBAD and the ASAS and NSVS databases
(Hoffmann, Harrison & McNamara 2009; Schmidt et al. 2013) so we relied upon those and
tried to confirm as many of them as possible with published observations. The distribution
is shown in Figure 2.
2.2 Two-wheel engineering test and Field 0
A 9-day engineering test run was carried out in February 2014 to verify the operations
with two reaction wheels. Kepler observed some 2000 stars in the direction of Pisces.
The data suffers from various pointing adjustments and drifts that make the extraction of
light curves a complicated task. We found 27 RRab, 3 RRc and a possible Cepheid star
among the observations, although the period of the latter star is about 53 days, much
longer than the data set itself.
6http://catalinadata.org
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Figure 2. Distribution of various Cepheid and Cepheid-like stars in SIMBAD and the ASAS and
NSVS surveys. Most stars are close the plane of the Miky Way.
The brightest RRab star in the sample was ASAS J233637-0212.7 (EPIC 60018644 -
EPIC is the Kepler Ecliptic Plane Input Catalog). We extracted the light curve of the
star with the PyKE toolset to test the stability and quality of the K2 data. The telescope
was repositioned after BJD = 56695.359, shifting the stars by a couple of pixels on the
CCDs, therefore we used two pixel masks at different positions to extract the photometric
data. The resulting background-corrected light curve can be seen in Figure 3. A detailed
summary of the RR Lyrae stars in the engineering-test data will be published in a future
paper.
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Figure 3. Comparison of the ASAS, Catalina and K2 long cadence data of the RR Lyrae star ASAS
J233637-0212.7. The upper panels show the light curves folded with a pulsation period of
P = 0.6450427 days. The lower panel contains the extracted K2 light curve itself.
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After the engineering tests, a full-scale performance test was carried out. Campaign
0 was a shakedown that closely resembled the proposed operations of the K2 mission.
Field 0 was set towards the galactic anticenter in Gemini, including the bright open cluster
Messier 35. Since the asteroid searching surveys avoided this area we ended up with only
10 RR Lyrae stars that fell on silicon. However, Field 0 was ideally positioned to observe
Cepheids: 14 stars were accepted to the long-cadence target list, including fundamental-
mode and overtone stars, likely from both Type I and Type II Cepheids. Field 0 in
itself will double the number of Cepheids observed with space-based photometry. One
RR Lyrae (EW Gem; Schmidt & Reiswig 1993) and one first-overtone Cepheid (NSVS
9770315) were selected for short cadence observations.
2.3 Fields 1 and 3 - galore of RR Lyrae stars
The first science field of the K2 mission was set towards the Leo-Virgo region and far
from the plane of the Galaxy. With the help of the LINEAR and Catalina catalogs, we
identified and proposed no less than 133 field RR Lyrae stars. This number far exceeds
the approximately 50 stars that were observed in the original Kepler field and offered the
possibility for an unprecedented opportunity for statistical studies. Moreover, apart from
the 118 RRab and 14 RRc stars, we found a single double-mode (RRd) star, LINEAR
2122319, in the field as well (Poleski 2013). Unfortunately, very few stars made it to the
final target list, but later fields hopefully will accumulate an expected few hundred stars
to carry out the statistical studies. On the other hand, six targets were selected for short
cadence observations, including all three types RR Lyrae stars.
In addition, we found three intriguing extragalactic stars. The dwarf spheroidal galaxy
Leo IV falls into Field 1 and three RR Lyraes were identified in it by Moretti et al. (2009).
These stars, along with the brightest giants and supergiants in the galaxy were included
in the target list. The brightness of the three RR Lyraes is below Kp = 21 magnitudes
so they represent a considerable observational challenge. During the primary mission the
estimated precision for a 21st magnitude star was about 0.15 (P = 148700 ppm) in a single
long-cadence observation. The precision of the K2 measurements is expected to be within
a factor of 2 in fine pointing mode (Howell et al. 2014), therefore the precision of individual
points will be around 0.2-0.3 magnitudes. Based on that, the entire data set is expected
to provide an accuracy of 5 millimagnitudes for a coherent signal. Most additional-mode
peaks fall below this limit, but the strongest ones can be recovered (Benko˝ et al. 2014;
Molna´r et al. 2012).
2.4 Field 2 - globular clusters
The speciality of Field 2 is the inclusion of two globular clusters, Messier 4 and 80. Kepler,
with its 4′′/px resolution was not designed to observe dense stellar fields and that leads to
various consequences. M4 is fairly spread-out, with a half-light radius (Rh) of 65 pixels,
but its bright core would saturate the CCD. Possibly for that reason, only the northern
edge falls on silicon. M80 is fainter but also more compact with a half-light radius of only
4 pixels. Still, we identified many pulsating variables in the outskirts of the clusters out
to about 7Rh where we expect the crowding to be acceptable. Several RR Lyrae stars,
a few semiregular and SX Phe stars and a single type II Cepheid were proposed for the
two clusters.
Apart from the globular clusters, we proposed about 50 field RR Lyrae stars and a few
Cepheid/W Vir candidates, as well.
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2.5 Future fields
The approximate positions of most of the future fields contain a large number of RR Lyrae
stars, including the RRc and RRd classes. Field 7 will be positioned close to the galactic
plane and therefore lack asteroid survey data. Nevertheless, the GCVS contains a large
amount of otherwise unobserved RR Lyrae stars in that region (Samus et al. 2004).
A comparison of the distribution of various Cepheid stars with the preliminary positions
of the K2 fields suggests that every field will contain a handful of Cepheids (barring
misidentifications in the various survey data), including all subtypes: classical Cepheids,
BL Her, and W Vir stars.
We identified two galaxies where it is possible to observe extragalactic Cepheids. Fields
7 and 8 may include NGC 6822 and IC 1613, respectively. IC 1613 is closer and contains
several Cepheids that are brighter than 21 magnitudes in V band (Bernard et al. 2010).
NGC 6822 is somewhat farther away, but about a dozen variables are brighter than
22 magnitudes and therefore we may expect reasonable photometry from those as well
(Pietrzyn´ski et al. 2004; Mennickent et al. 2006).
The initial data products of the K2 campaigns will be the target pixel files: a times
series of small CCD subframes containing the image of the star. We already gained
experiences with target pixel files to create the rectified RR Lyrae data sets (Benko˝
et al. 2014), therefore the reduction of the K2 photometric data will be a relatively
straightforward task. An example (EPIC 60018657) from the 9-day engineering run is
displayed in Fig. 4.
Figure 4. K2 target pixel files from the 9-day engineering test run. Red dot marks the approximate
photocenter of the star during the first 2 days. Left panel: 1st cadence, right panel: the 150th, i.e. after
the repositioning of the telescope. There are also four patches of reflected light in the mask, and the
brightest one contaminates the star slightly during the first part of the observations. The patches then
move to the opposite direction compared to the stars, separating the bright blob from the target.
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3 Scientific goals and possibilities in the K2 mission
The step-and-stare approach of the K2 mission differs significantly from the original mis-
sion scenario. The length of the campaigns seriously limits some applications, e.g. the
detection of long Blazhko periods and/or the variations in the modulation cycles. How-
ever, the availability of multiple fields opens up several new possibilities compared to the
prime mission.
3.1 Cepheids - pulsation and atmospheric dynamics
Continuous observations of space photometric data revealed that classical Cepheids ex-
hibit light curve fluctuations (Derekas et al. 2012). These could possibly be connected
to large convective hot spots on the surface of the star (Neilson & Ignace 2014). There
are some indications that this effect is stronger in overtone stars than in fundamental-
mode pulsators. If this relation exists, it may aid the determination of pulsation modes.
Confirmation, however, requires several stars with different periods to be observed.
First-overtone Cepheids may turn out to be double-mode pulsators or can exhibit
non-radial modes, according to the OGLE observations (Moskalik & KoÃlaczkowski 2009).
Some of them show strong O–C variations too, but it is not clear if that manifests in the
pulsation amplitudes as well or not.
Due to their lower metallicity, light variations of type II Cepheids (W Virginis and BL
Herculis stars) exhibit noticeable variations. Period doubling was already detected in one
BL Her star, but hydrodynamic models predict other effects such as chaotic pulsation or
low-amplitude modulation, too (Smolec et al. 2012; Smolec & Moskalik 2014). Continu-
ous, high-precision data is the best way to detect such irregularities in the pulsation of
these stars.
A few anomalous Cepheids were also identified in the fields. These stars lie between the
classical and type II Cepheids and follow a separate P-L relation in the period-luminosity
diagram (Nemec, Nemec & Lutz, 1994). They have low metallicities and their origin is
somewhat uncertain but may involve mass transfer in a binary system with a possible link
to blue stragglers (Szabados, Kiss & Derekas 2007). K2 could be the first space telescope
to observe anomalous Cepheids.
3.2 RRab Lyrae stars – mode interactions and the cause of the Blazkho effect
One of the great surprises of the Kepler mission was the detection of millimagnitude-level
additional modes in almost all modulated RR Lyrae stars (Benko˝ et al. 2010, 2014). The
occurrence of these modes raise serious questions about the mode selection mechanisms
in RR Lyrae stars.
Although hydrodynamic models can explain the occurrence of some of the additional
modes, there is still discrepancy between the observations and the theoretical results.
Based on the sample of the Kepler field, most of the stars exhibit period doubling, re-
lated to the 9th overtone (Kolla´th, Molna´r & Szabo´ 2011), and a frequency peak that
may correspond to the second overtone (P2/P0 ≈ 0.6; Benko˝ et al. 2014). However, in
the models, period doubling leads to the destabilization of the first overtone which was
detected in very few stars. Finding more stars where the first overtone is excited can lead
to accurate comparisons with the models, including the mode amplitudes and the signs of
mode interactions, possibly even chaos (Plachy, Kolla´th & Molna´r 2013). Such nonlinear
asteroseismic analysis was attempted only for RR Lyr itself to date (Molna´r et al. 2012).
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Mode interactions and resonances are the best candidates so far to finally explain the
mysterious Blazhko effect (Buchler & Kolla´th 2011). Considering that only half of the
RRab stars are modulated, a large survey is necessary to understand the relation between
these modes. 75 days is long enough to cover at least one modulation cycle for the majority
of the Blazhko stars.
Another interesting aspect of the Blazhko effect is the apparent decline of its frequency
above P ∼ 0.66− 0.7 days (Smolec 2005). It is yet unclear if the typical modulation am-
plitudes decrease and therefore simply become less detectable by ground-based surveys,
or the mechanism of the Blazhko effect itself depends on the pulsation period, e.g. mode
resonances may be less likely to occur. All stars in the Kepler field have periods below
0.69 days, therefore it could not address this issue (Nemec et al. 2013). If the K2 cam-
paigns can build up a suitably large sample of modulated stars including long-period ones,
the observations may shed light on the origins of this effect and the inner workings of the
Blazhko effect.
3.3 RRc and RRd stars
Modulation is present but much less common among the first-overtone (RRc) stars. Only
a few RRc stars has been observed from space so far, and none of them turned out to be
modulated yet: Kepler could be the first space telescope to detect one.
A great surprise of the original Kepler field was that all four RRc stars turned out to
be multiperiodic. Moreover, they all shared the same properties: the additional mode was
detected at PX/P1 = 0.60−0.64, and showed period doubling in all cases (Moskalik 2014).
We note that similar, mysterious modes were detected not only in RRc, but in RRab and
LMC Cepheid stars as well, always at the same period ratio (Moskalik 2014). A closer
look at the frequency tables of the two RRd stars where additional modes were reported
also reveals this mode, although the authors classified them differently. Interestingly, it
is connected to the first overtone in both cases (Gruberbauer et al. 2007; Chadid 2012).
The origin of the PX (or P0.6) modes is not yet understood. A thorough survey is
required to find out whether all RRc and RRd stars exhibit it, or there is some connection
between the mode selection mechanism and the physical properties of the stars. The same
is true for the apparent period doubling of this mode. Luckily, the Catalina and LINEAR
surveys will provide several RRc and RRd targets, especially from Field 4 onwards.
Double-mode stars are also important on their own right. The two main modes can be
modeled accurately with the existing hydrodynamic codes, providing strong constraints
on the physical parameters such as the metallicity and the mass of the star.
3.4 Population studies
Field RR Lyrae stars have very different metallities, between [Fe/H]= −0.05 and −2.13,
with one outlier at −2.54 (Nemec et al. 2013). A change in the metal content can shift the
mode resonance regions to different stellar parameters, as in the case of period doubling
(Kolla´th et al. 2011). If mode resonances are behind the Blazhko effect, this may lead
to differences in the modulation properties as well. To detect such metallicity-dependent
effects, we need to observe a large number of stars in the Galaxy.
These investigations can be expanded further with the inclusion of stellar populations
that share very similar metal content. The globular clusters M4 and M80 have distinctly
different metallicities: their [Fe/H] index is –1.16 and –1.75, respectively. The dwarf
galaxy Leo IV is very metal poor with [Fe/H] = −2.4± 0.2, so it can trace the low end of
the metallicity sequence.
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4 Conclusions
Although the K2 mission was born out of the unfortunate failures of the reaction wheels
on board the Kepler space telescope, the scientific potential of the new campaigns can
exceed that of the original field in several areas.
All types of Cepheid variables are rather rare in the Milky Way: only a handful is ex-
pected in every K2 field. Therefore they do not require a large pixel budget per campaign,
but the step-and-stare approach can accumulate a good sample of both classical and type
II stars. Cepheids also represent a great opportunity for extragalactic K2 observations
in the nearby dwarf galaxies. Light-curve fluctuations and detection of additional modes
can provide important insights into these stars.
RR Lyrae stars, like Cepheids, are an important step in the cosmic distance ladder, but
they are good tracers of the halo structures and dwarf galaxies around the Milky Way.
Therefore the understanding of their pulsations is important for the galactic structure
and evolution studies. Yet several open questions still remain: the Blazhko effect, the
mysterious P0.6 mode, the role of mode interactions and the level of agreement between
the observations and the 1D pulsation models. Most of the RR Lyrae stars are faint, below
14th magnitude, therefore the pixel usage would be moderate even for a high number of
targets. The capabilities of Kepler and the campaign mode of the K2 mission represent
an ideal opportunity to solve these questions, provided that sufficient number of stars
(preferably a few hundred in total) will be observed during the mission.
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After the discovery of Be stars (Secchi 1867) these stars were systematically moni-
tored in long-term observing programs. Today we know that their spectra vary on time
scales of a few days up to several decades. The Hα and Hβ emission lines in partic-
ular can sometimes vary unpredictably and dramatically in strength and appearance.
An international group consisting mainly of members of the ARAS spectroscopy group
(http://www.astrosurf.com/aras/) has been observing the Hα emission line strength
of the disk of the Be star γ Cas from the year 1994 up to now (2014) (Smith et al. 2012).
They continue the professional observations carried out from August 1971 to October
1989 (Horaguchi et al. 1994 and Miroshnichenko et al. 2002) and together cover more
than 40 years of data (Fig. 1).
The idea to investigate a possible correlation between the visual magnitude and the
spectroscopic Hα equivalent width (EW) emerged from the study of the relationship be-
tween γ Cassiopeia’s X-ray emission and its circumstellar environment (Smith et al. 2012).
The results of the investigation of the X-ray production of the star and its relationship
to the intensity of the Hα emission of the disk (Smith et al. 1998) were an additional
incentive for our study. Essential to our study was the availability of high precision V
magnitudes for a comparable time frame with the spectroscopic Hα EW measures. For-
tunately we were able to use the photometric V measures of G. Henry for the time period
JD 2451085 to JD 2456702. They are complemented by the 263 DSLR measures by
W. Vollmann for the time period JD 2455154 to JD 2456671. The V magnitude measures
by G. Henry were already used in the study Rotational and cyclical variability in γ Cas
(Smith, Henry, Vishniac 2006; Henry & Smith 2012). The observations were carried out
for 15 years with the Automated Photometric Telescope (APT) in Arizona. The accuracy
of the DSLR magnitude measures is ± 0.02 mag while the photoelectric APT measures
are accurate to ± 0.005 mag.
The spectroscopic observations are done by members of the international amateur spec-
troscopic community. They have been carried out since 1994 with CCDs and telescopes
of 20 to 40 cm aperture, first with prism spectrographs then with slit spectrographs with
a resolution R between 5000 and 17000. The measurement of the Hα EW was done gen-
erally in the wavelength range 6530 to 6610 A˚ with an accuracy of ± 3% for the measures
of a night (reproducibility of evaluation of two to three sum spectra per night). Today it
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is well known that most Be stars are photometric long-term variables, and that at least
two characteristic behaviours can be recognized when simultaneous photometry and op-
tical spectroscopy are available: positive and inverse (negative) correlation between the
Balmer emission strengths and the stellar brightness (Harmanec, 1983). Indeed, a positive
correlation has been observed in several Be stars (e.g. 28 Tau: Pollmann et al. 2012; κ
Dra: Juza et al. 1994; 4 Her: Koubsky et al. 1997) as their Hα emission gets stronger
when their photometric V magnitude increases.
Figure 1. Hα EW long-term monitoring by professional and amateur observers from August 1971 up
to now. EWα is the Hα equivalent width – for its definition refer to Pollmann & Rivinius (2010).
These stars are not only seen pole-on but also from different viewing angles. Our
study builds on the work by Pollmann et al. (2012) which used visual magnitude esti-
mates superseded now by the significantly more accurate photoelectric measures with the
APT. Fig. 2 shows the light curve of γ Cas based on the APT measures by G. Henry,
complemented by the DSLR measures by W. Vollmann in 14 observing seasons.
Fig. 3 shows the variable intensity of the Hα EW for the same time span as Fig. 2. To
make the visual hints for a correlation between the spectroscopic and photometric time
series in these figures and already noted in the studies by Pollmann et al. (2012), Juza
et al. (1994) and Koubsky et al. (1997) more concrete, we averaged the data for every
observing season (see table in Fig. 4) and plotted them in a correlation diagram (Fig. 4).
Hence, a correlation coefficient of 0.86 could be derived for the correlation between the
Hα EW and V magnitude.
The diagram in Fig. 4 shows conspicuously that the high correlation coefficient of 0.86
is based primarily on the precision photometric APT measures. The physical cause for
IBVS 6109 3
Figure 2. Johnson V magnitude of γ Cas, measured with the T3 40 cm APT at the Fairborn
Observatory, Arizona (USA).
Figure 3. Hα EW measures for the same time period as the photometric measures in Fig. 2 (section of
Fig. 1).
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Figure 4. Correlation diagram of Hα equivalent width versus V magnitude (explanation in the text).
the correlation results from the fact that Hα EW is an indicator for the variability of the
size, volume and density of the disk around the star, which also gives rise to brightness
variations (cf. Pollmann et al. 2012, Juza et al. 1994, Koubsky et al. 1997).
Before our study, it was questionable if magnitude variations of γ Cas would be de-
tectable since we see its disk from a viewing angle of about 45 degrees. However, our data
show that the increase of the Hα EW by ca. 10 A˚ observed during the last 15 years was
accompanied by a slight magnitude increase of 0.06 mag. Our observations give evidence
for a non-linear relationship between the Hα EW and the V magnitude but it is unknown
how long their increase will continue in the future.
The very first investigation of this kind was conducted by Doazan et al. (1983). Their
investigations shows, that during and after the spectacular episode of the Be phase from
1932 to 1942, the Balmer lines and the brightness followed the same trend of variations (see
Hα in Fig. 5). New correlation model calculations of Hα EW and UBV photometry for Be
stars with increasing disk sizes and/or an increasing disk density of Sigut & Patel (2013)
are able to explain the positive and negative correlations between long-term variations in
Hα EW and V brightness as observed for well known Be stars (Harmanec 1983). However,
the need for real observations to examine and refine the model calculations was expressed
explicitly. We provide it here.
Acknowledgements: We are grateful to Dr. Dietrich Baade (ESO, Munich) whose
critical comments did lead to a clear improvement of this work and to Dr. Myron Smith
for the fruitful discussions.
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Figure 5. Long-term variations of γ Cas in the visual region: (top panel) intensity variations of the
Balmer emission lines (squares: Hα); (bottom panel) long term variations of the visual brightness
(Doazan et al. 1980).
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The class of δ Scuti stars comprise of pulsating variables of spectral types A to early F
with luminosity classes V to III. They pulsate in radial and nonradial p (and also g) modes
with periods between about thirty minutes to eight hours and photometric amplitudes
less than one magnitude (Breger et al. 2009). Most δ Scuti stars do, however, show very
small amplitudes; the smaller the amplitudes become, the more variables are found, for
example in space mission data of the Kepler and CoRoT missions (Balona 2014).
During a survey to detect new rapidly rotating Ap stars (Paunzen et al. 2012), we
discovered the variability of HD 106426 (CP−62 2642, V=9.31mag). Although this star
is rather bright, it was hardly investigated in the past. It is also not included in the
Hipparcos catalogue. Houk & Cowley (1975) list a spectral type of A9V for this object.
We observed this star in two consecutive nights 18/19 March and 19/20 March 2014
with the F(/Ph)otometric Robotic Atmospheric Monitor (FRAM) telescope of the Pierre
Auger Observatory which is located in the Mendoza province in Argentina, in the vicin-
ity of the town Malargu¨e. The telescope is a Meade 0.3m Schmidt-Cassegrain, with a
CCD camera G4-16000 of Moravian Instruments which is also on the wide-field camera
(300mm objective Nikkor). The telescope works in fully automated mode. We employed
integration times of 40 seconds and a Johnson-Bessell B filter. In addition we analysed
the data of the All Sky Automated Survey (ASAS) which are in the V band (Pojmanski
1997).
The basic image reduction (bias and flat correction) as well as the aperture photom-
etry was done within the Windows version of CMunipack1. The final light curves of
FRAM were generated using different comparison and check stars in order to guarantee
the statistical significance of the intrinsic variability of HD 106426.
All light curves were examined in more detail using the Phase-Dispersion-Method
within the software Peranso2. An analysis with a discrete Fourier algorithm gave the
same frequencies and amplitudes. The observation log and the results are listed in Ta-
ble 1.
1http://c-munipack.sourceforge.net/
2http://www.peranso.com/
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Table 1: Observation log and results.
Source HJD(start) HJD(end) N Freq. Ampl.
2450000+ 2450000+ [c/d] [mmag]
ASAS 1899.84343 5048.51607 521 11.54 11
FRAM 6735.76575 6735.88587 125 10.87 33
6736.53343 6736.66705 112 6.48 29
The three data sets are of different time base and quality. However, we conclude from
the analysis that HD 106426 is multiperiodic. Figure 1 shows the phase folded light curve
of the first observing night from FRAM.
Perry (1991) published the following Stro¨mgren uvbyβ photometry for our target:
(b−y)= 0.307, m1=0.137, c1=0.883, and β=2.766, respectively. Using the photometric
calibration by Napiwotzki et al. (1993) gives E(b − y)= 0.144mag, Teff =7250±250K,
log g=3.65±0.15 dex, MV=1.50±0.2mag, and solar metallicity. The bolometric cor-
rection and magnitude of the Sun taken from Flower (1996) yields logL/L¯=1.30 dex.
Interpolating in the evolutionary grids for solar metallicity by Schaller et al. (1992), we
derive a mass of about 1.9M¯ for HD 106426. It spent about 80% of its main-sequence
life-time. These values are typical of an A5V star.
Because δ Scuti stars obey a period-luminosity-color relationship, we are able to com-
pare our results with the “heuristic” one published by Breger (1979):
MV=−3.05 logP +8.46 (b− y)0− 3.12.
We used a mean logarithmic period of −1 resulting in MV=1.3mag. Within the errors,
this value excellently agrees with that from the photometric calibration. Finally, we cal-
culated the pulsation constant as given by Stellingwerf (1979):
logQ=−6.456+0.5 log g+0.1MBol+ log Teff + logP .
The resulting Q-value of 0.024 for our target would suggest a pulsation in the second or
third overtone (Stellingwerf 1979). Further photometric and spectroscopic observations
are needed to shed more light on the nature of HD 106426.
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1 Introduction
The variability of the 11th magnitude star EE Cep was discovered in 1952 (E=0) by Ro-
mano (1956) and soon conﬁrmed by Weber (1956), who reported observations obtained
during a previous eclipse in 1947 (E=−1). Thereafter all consecutive eclipses were ob-
served with an orbital period of 5.6 yr. The eclipses vary in an unusual way changing their
shape, duration and depth across a wide range of about 0.5 to 2.0 magnitudes (Fig. 1)
and simultaneously with very small color variations.
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Figure 1. The light curves of ten among the eleven eclipses of EE Cep observed since 1952 are shown.
The mean values of Halbach’s (1992) visual observations of the 1992 eclipse are marked with crosses.
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To explain this unusual behavior Mikolajewski & Graczyk (1999) suggested that the
eclipses of the B5 III primary are caused by an invisible secondary component that consists
of a dark, opaque, relatively thick disk around a low luminosity central object: a low-
mass single star or a close binary. In such a model, the diﬀerences between the particular
eclipses could be explained by precession, which changes the inclination of the disk to the
line of sight and the tilt of its cross-section to the direction of motion. Most of the eclipses
have a similar, asymmetrical shape, in which it is possible to distinguish repeatable phases
of atmospheric ingress followed by a real ingress, sloped-bottom transit during the central
part of the eclipse, and real egress followed by atmospheric eclipse (see for details Fig. 2
in Ga lan et al. 2012). The unique ﬂat bottom eclipse, observed in 1969 (E=3), can be
explained by a nearly edge-on and non-tilted projection of the disk.
The last two eclipses, in 2003 (E=9) and 2008/9 (E=10) were studied in the frame-
work of wide international campaigns (Miko lajewski et al. 2005ab; Ga lan et al. 2010).
The results of these campaigns complemented by the historical light curves (Graczyk et al.
2003), enabled us to create a model of the eclipses. According to this model, the eclipses
are caused by a dark, geometrically thin disk precessing with period Pprec ≈ 11− 12Porb
(Ga lan et al. 2012). The model is based on the observations, obtained in an interval of
time, almost exactly equal to the predicted precession period. Additional photometric
and spectroscopic observations are needed for the model veriﬁcation.
2 EE Cep – still a unique system
EE Cep is a member of the very rare class of binary systems in which the eclipses are caused
by a dark, dusty disk surrounding the orbiting companion. The precursor of this group is
the extremely long-period (∼27 yr) εAur (see Guinan & Dewarf 2002), extensively studied
during its last 2009–2011 eclipse, by the use of photometric, spectroscopic, interferometric,
astrometric, and polarimetric observations (Stencel 2013 and references therein). Our
photometric and spectroscopic observations are published in Tomov et al. (2012) and
I lkiewiecz et al. (2013). During the last eclipse, the disk in εAurigae, was revealed
directly by infrared interferometric imaging (Kloppenborg et al. 2010) for the ﬁrst time.
The mechanisms of disk formation in EE Cep and εAur seems to be radically diﬀerent.
Containing a B5-type star EE Cep has to be a very young system while εAur with
an F-type supergiant is signiﬁcantly evolutionarily advanced. The observations of the
eclipses provided indications for a complex structure formed in the εAur (Ferluga 1990)
and EE Cep (Ga lan et al. 2008) disks. The true nature of these structures is not known.
In the case of εAur a multi-ring structure (Ferluga 1990, Leadbeater & Stencel 2010)
was suggested but other corotating inhomogeneities cannot be excluded (Harmanec et al.
2013). The light curve and color variations observed during the last two EE Cep eclipses
we interpreted in terms of a multi-ring structure too and speculated that possible planets
could be responsible for their formation (Ga lan et al. 2010).
For a long time εAur and EE Cep remained the only two known systems with dark,
dusty disks as obscuring objects. Recently however, new cases of similar systems, with
circumstellar or circumbinary disks responsible for obscurations, emerged:
1SWASPJ140747.93394542.6 (Mamajek et al. 2012), OGLE-LMC-ECL-11893 (Dong et
al. 2014), OGLE-LMC-ECL-17782 (Graczyk et al. 2011), M2-29 (Hajduk et al. 2008),
KH15D (Winn et al. 2006, Herbst et al. 2008). This opens perspectives for studying
the dusty disk phenomenon in binary and/or multiple systems and can be helpful to
understand the origin of such disks, how they form and evolve in various environments
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and on various time scales. EE Cep still remains a unique case of great importance
among this small sample, because of its well-documented disk precession history during
one, approximately full, precession period (see for details Ga lan et al. 2012).
3 Call for observations
The next eclipse (E=11) approaches and we announce a third observational campaign.
According to the ephemeris by Mikolajewski & Graczyk (1999) the minimum should
take place on Aug 23, 2014 (JDmid−ecl = 2456893.44). Based on our model of the disk
precession (Ga lan et al. 2012) we can predict that it should belong to the deepest ones
reaching about 2 mag (from 10.8 mag outside of eclipse to ∼13 mag during the minimum
in V photometric band). The longest duration eclipses observed so far occurred in 1969
(∼60 days), and 2003 and 2008/9 (∼90 days). So, we propose to conduct systematic
photometric monitoring in at least three months time interval (July, August, September)
centred on the mid-eclipse moment. During the previous two eclipses the blue maxima
in the colors were observed about nine days before and after the mid-eclipse. Therefore,
special attention should be paid on precise measurements, covering about one week time
intervals around ∼JD 2456884 (Aug 14) and ∼JD 2456902 (Sep 1). However, these
moments are subject to change slightly due to changes in the orientation of the disk.
Figure 2. The sky area (10′× 10′) around EE Cep (reprinted from Mikolajewski et al. 2003). The blue
color marks the comparison and the check stars recommended for the CCD photometry.
We recommend photometric observations in the standard Johnson-Cousins UBV (RI)C
system. At least one measurement per night with an accuracy possibly close to ∼ 0.m01 or
better is needed. Some multicolour observations, far from the eclipse, should be obtained
in order to calibrate systematic diﬀerences between the observatories. We propose to use
the four brightest objects from the Meinunger’s (1975) sequence as comparison stars. This
sequence recommended by Mikolajewski et al. (2003) has been used in the observational
campaigns during the recent eclipses. These stars are very close in the sky, within ∼ 3′,
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around EE Cep. In the ﬁnding chart shown in Figure 2 the sequence stars are marked
with Meinunger’s designations: “a”, “b”, “c”, and “d” for BD+55◦2690, GSC-3973 2150,
BD+55◦2691, and GSC-3973 1261, respectively. Stars “b” and “c” are designated as
New Suspected Variables in the General Catalog of Variable Stars (Samus et al. 2009)
– NSV 25842, and NSV 25843, respectively. Baldinelli & Ghedini (1976) were the ﬁrst
who noted ∼ 0.m5 amplitude variations of star “c” based on photographic photometry.
But they stressed the absolute necessity to conﬁrm this result by photoelectric method.
Miko lajewski et al. (2003) used an one channel diaphragm photometer with a cooled
photomultiplier to observe the stars “a”, “b”, and “c” during the EE Cep eclipse in
2003 and found no signiﬁcant light variations in these stars. Star “b” was suggested to
be variable on the basis of photographic photometry by Baldinelli & Ghedini (1977),
Baldinelli et al. (1981). However, these variations were not discussed and there was no
light curve presented.
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Figure 3. Diﬀerential V magnitudes (a− b, a− c, and b− c) of the stars BD+55◦2690 (a),
GSC-39732150 (b), and BD+55◦2691 (c) obtained in ∼5 years time interval during and around the
2008/9 eclipse.
We performed UBV (RI)C CCD photometry of these stars during the last eclipse in
2008/9. The CCD photometry is less weather dependent than the one channel diaphragm
photometry and thus oﬀers better accuracy for the BV (RI)C bands. The diﬀerential V
magnitudes for stars “a”, “b” and “c” obtained during and around the last eclipse are
shown in Figure 3. The observed light variations in a − b diﬀerential magnitudes are
insigniﬁcant and the brightness of the stars “a” and “b” can be recognized as a constant
within the accuracy of our photometry, which in the photometric bands BV (RI)C is
typically ∼ 0.m01− 0.m02 (depending on weather conditions during the observations). The
diﬀerential magnitudes with respect of star c (a − c and b − c) demonstrate somewhat
larger scatter, in which small changes with a similar pattern can be seen. Small variations
of star “c” with an amplitude of a few hundredths of a magnitude cannot be excluded.
Therefore, we recommend to use “a” and “b” as comparison stars and “c” and “d” as
check stars.
Any optical and infrared photometric as well as spectroscopic observations obtained be-
fore, during and after the EE Cep eclipse could turn out to be very important. They could
make it possible to detect the mysterious companion (disk and/or its central star/stars)
in the EE Cep system. During the last three orbital epochs we observed about 0.m2 vari-
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ations in the I passband, before and after the eclipses, which may prove a signiﬁcant
contribution of a dark body in this band. In the JHK passbands, the cool component
can dominate the observed ﬂuxes. Moreover, these variations can reﬂect in some way the
changes in the spatial orientation of the disk.
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Figure 4. Spectra of EE Cep obtained on April 8, 2014 in the Hα, Hβ and Na I regions (R ∼ 16000)
using the Coude´ spectrograph on the 2m Ritchey–Chre´tien telescope at Rozhen Observatory.
The deep EE Cep eclipses have never been well covered with spectroscopic observations.
Thus, it will be important to carry out systematic, high and low resolution spectroscopic
monitoring of the star during the forthcoming eclipse. Our spectra obtained on April 8,
2014 in the regions of Hα, Hβ, and Na I doublet lines (Fig. 4) do not show changes
caused by eclipse in the proﬁles of these lines (compare with the proﬁles in Miko lajewski
et al. 2005b). Spectroscopic observations obtained during the two previous eclipses in
2003 and 2008/9 show, that the absorption lines, caused by the circumstellar matter
were visible up to about 2.5 – 3 months before and after the mid-eclipse. Thus, it is
advisable to cover with spectroscopic observations the period from May to November
2014, with increased frequency of observations during the photometric eclipse (July –
September), when we can expect signiﬁcant night to night changes in the proﬁles of
the absorption and the emission lines. At least S/N ∼ 30 is recommended. In the
case of low (R∼1000) resolution observations, it would be advisable to focus mainly
on the Balmer lines evolution. Observations of spectrophotometric standard stars are
encouraged, because they will permit us to reduce the spectra in ﬂuxes and to study the
spectral energy distribution changes during the eclipse.
The observers can use a special web page, prepared to support the campaign co-
ordination https://sites.google.com/site/eecep2014campaign/. All interested to
participate in collecting of photometric, spectroscopic or any other observations of the
forthcoming event are encouraged to contact Piotr Wychudzki at adyrbyh@gmail.com.
Acknowledgements: This study is partly supported by the Polish National Science Cen-
tre grant No DEC-2013/08/S/ST9/00581. This paper is partly a result of the exchange
and joint research project Spectral and photometric studies of variable stars between Pol-
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In the course of surveying eclipse timing difference (or O−C) plots for a series of papers
on period change (Nelson et al. 2014a,b,c), several overcontact systems came to light—
not previously noted in the literature—which showed strong evidence of period change.
The eclipse timing (ET) data were well modelled by quadratic functions. However, the
time interval over which the quadratic relation was evident was short, typically around
a decade. Because subsequent data can often prove a relationship wrong, these systems
were not included in the main group of 60 to be discussed in detail. Rather, they were
simply added as notes at the end of Paper 3. Therefore it was deemed useful to describe
the relationships more fully here.
EG CVn
The variability of EG CVn (GSC 3026-1046, ROTSE1 J133726.05+373458.4) was discov-
ered as part of the Robotic Optical Transient Search Experiment I (ROTSE-1, Akerlof
et al. 2000). It was identified as EW-type with a period of 0.34927(2) days. Bla¨ttler &
Diethelm (2002) presented new eclipse timings and an unfiltered CCD light curve. Since
then, there have been a number of eclipse timings reported, but no period analysis. As
far as is known, there has been no light curve analysis for this system.
In Figure 1, the ET differences from the 32 eclipse timings from 1999 to 2012 are plot-
ted. (The abscissa is the cycle number; the ordinate is the eclipse timing difference (O−C
value) in days. Legend: squares—photographic; triangles—visual; open (red) circles—
photoelectric; solid circles—CCD timings). The least squares best-fit quadratic curve is
shown; its parameters yield the rate of period change as dP/dt = 5.9(4) · 10−7 days/year.
The coefficient of correlation (cc) is 0.992; thus the rate of period change is fairly constant.
The first set of timings near cycle 0—showing a large scatter—were given a weight 0.1;
the others, 1.
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Figure 1. EG CVn: Eclipse timing differences (O−C) using Min I (hel) = 2451246.7820 + 0.349271 E.
V2240 Cyg
The variability of V2240 Cyg (GSC 2684-1255) was discovered by Safa´r (1999) who pre-
sented elements (epoch, period of 0.404194(68) days), six CCD eclipse timings, and an
unfiltered light curve. From the shape of the light curve, he identified it as a W UMa
variable. Since then, there have been numerous eclipse timings reported in the literature,
but no period analysis. As far as is known, there has been no light curve analysis for this
system.
Figure 2. V2240 Cyg: Eclipse timing differences (O−C) using Min I (hel) = 2451375.4523 +
0.404194 E.
In Figure 2, the ET differences from the 63 eclipse timings from 1999 to 2013 are plotted
(for the legend, see Section 1). The least squares best-fit quadratic curve is shown; its
parameters yield the rate of period change as dP/dt = −1.84(4) · 10−6 days/year. This
is one of the higher rates of period change amongst overcontact binaries. The coefficient
of correlation (cc) is 0.999; thus the quadratic equation is a very good fit and the rate of
period change very constant in the range.
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MS Her
The variability of MS Her (GSC 2101-0313, ROTSE1 J181653.46+273945.4) was dis-
covered by Hoffmeister (1949). The reference is from the CGVS4, but the work is not
available. The next reference is the ROTSE-I paper, Akerlof et al. (2000) which lists co-
ordinates and a period of 0.86793(28) days. Since then, there have been numerous eclipse
timings reported, but no period analysis. Strangely, the GCVS4 lists the period of this
system incorrectly as 0.6052626 days. As far as is known, there has been no light curve
analysis for this system.
Figure 3. Top: MS Her: eclipse timing differences (O−C) using Min I (hel) = 2449534.4903 +
0.8680423 E. Bottom: eclipse timing differences (O−C) using Min I (hel) = 49534.4903 + 0.8680423 E.
In Figure 3a, the ET differences from the 33 photographic, visual, photoelectric and
CCD timings from 1931 to 2012 are plotted. In Figure 3b, the same data and fit are
plotted, but for the restricted range cycle 0 (1994) to cycle 7463 (2012). The fact that
the quadratic fit—which uses parameters optimized for all the data—fits the restricted
range well gives one confidence that the cycle reassignments necessary for Figure 3a are
correct.
Weighted least squares fitting for all the data yields a value of dP/dt = 1.74(2) · 10−6
days/year with a cc of 0.999. Using only the data from cycle 0 or later yields a value of
dP/dt = 1.77(7) ·10−6 days/year with a cc of 0.989. It seems clear that the rate of period
change has been constant for the 80 years that timings have been made.
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V400 Lyr
This variability of V400 Lyr (GSC 3121-1799, VV 223) was discovered by Miller (1969)
who classified it as RRab and supplied a period of 0.3201645 days. Bla¨ttler & Diethelm
(2000b) presented unfiltered CCD light curves showing the system to be of type EW. They
also supplied an updated pair of elements (epoch, period); the latter being 0.2534306(8)
days. Marino (2011) obtained CCD light curves and—using PHOEBE software (Prsa &
Zwitter 2005)—obtained a Wilson-Devinney fit for BVRI pass bands (Wilson & Devinney
1971). Marino (2011) also displayed an ET difference plot which showed a secular period
decrease but did not determine a quadratic fit.
Figure 4. V400 Lyr: Eclipse timing differences (O−C) using Min I (hel) = 2451801.3651 +
0.2534274 E.
In Figure 4, the (all CCD) ET differences from the 43 eclipse timings from 2001 to
2011 are plotted, yielding a value dP/dt = −2.61(23) · 10−7 days/year with a coefficient
of correlation (cc) of 0.992.
V406 Lyr
The variability of V406 Lyr was discovered by Parenago (1946). Meinunger (1970) ob-
tained the first period, 1.51130 days and published a photographic light curve. Agerer et
al. (1994) presented new photographic and CCD eclipse timings, and determined that the
above period was an alias of the true one, P = 0.86078384(9) days. They also obtained
a new light curve with two distinctly unequal minima. Since then, there have been many
eclipse timings published but no period analysis.
In Figure 5, the (all CCD) ET differences are plotted for the time interval 1993-2013;
the earlier photographic and visual timings are not plotted because the gaps impose
an uncertainty as to the correct cycle count. Plotted are 29 points yielding a value
dP/dt = 8.35(29) · 10−7 days/year with a coefficient of correlation (cc) of 0.989. As far as
is known, there has been no light curve analysis for this system.
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Figure 5. V406 Lyr: Eclipse timing differences (O−C) using Min I (hel) = 2449250.4582 +
0.8607838 E.
V579 Lyr
The variability of V579 Lyr (GSC 3131-0476) was discovered by Akerlof et al. (2000) in
the ROTSE-1 all-sky survey for variable stars. Bla¨ttler & Diethelm (2000a) presented
unfiltered CCD light curves showing the system to be of type EW. They also supplied
an updated pair of elements (epoch, period); the latter being 0.2429100(25) days. Since
then, there have been many eclipse timings published but no period analysis.
Figure 6. V579 Lyr: Eclipse timing differences (O−C) using Min I (hel) = 2452500.0623 +
0.2429093 E.
In Figure 6, the (all photometric-CCD) ET differences are plotted for the time interval
1999-2013, but only the eclipse timings since cycle 0 (2002) were used to compute the
period change, dP/dt = −8.78(48) ·10−7 days/year with a cc = 0.998. The timings before
cycle 0 represent a discrepancy to the quadratic fit. It is possible that the period change
is caused by the light time effect from the orbit of a companion (rather than—say—mass
interchange), in which case the relationship would be a good deal more complex. In
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any case, future eclipse timings over several decades are required to establish the true
relationship. As far as is known, there has been no light curve analysis for this system.
KN Vul
The variability of KN Vul (GSC 2148-3403) was discovered by Wachmann (1966) in a
survey of the southern stars in Cygnus. Kreiner (2004) provided a set of elements (epoch,
period). Since then, there have been a number of eclipse timings published, but no period
analysis.
Figure 7. KN Vul: Eclipse timing differences (O−C) using Min I (hel) = 2434634.2821 + 0.3573325 E.
In Figure 7, the ET differences from the 85 eclipse timings from 1948 to 2012 are
plotted. The rate of period change is dP/dt = 2.00(2) · 10−7 days/year with a cc of 0.999.
As far as is known, there has been no light curve analysis for this system.
Acknowledgements: This research has made use of the SIMBAD database, oper-
ated at CDS, Strasbourg, France. Also useful were the Lichtenknecker—Database of
the BAV (http://www.bav-astro.de/LkDB/index.php?lang=en) and the O−C Gateway
(http://var.astro.cz/ocgate/).
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Recently the discovery of new variable stars has been accelerating due to large observing
programs such as ROTSE, MACHO, ASAS, OGLE, etc. However the low precision of
these data as well as their automatic reduction and fitting led to the wrong classification
of many targets. This refers especially to the cases of almost sinusoidal light curves which
are appropriate both for δ Sct variables and for W UMa systems. Their right classification
often requires follow-up observations and analysis.
The star ASAS 000709+2621.5 (further shortly ASAS 0007) is such a case. It was
classified as a δ Sct variable with a pulsation period of P=0.2017 d and amplitude of 0.49
mag on the base of the ASAS data (Pojmanski 2000). We built folded curves of these
data with periods 1P and 2P (Fig. 1) but they did not allow us to conclude if the target
is a δ Sct variable or a W UMa binary.
To answer this question we carried out follow-up photometric observations of ASAS
0007 with the 60-cm Cassegrain telescope using the FLI PL09000 CCD camera (3056×
3056 pixels, 12 µm/pixel, field of view 27.0×27.0 arcmin with focal reducer) of the Rozhen
National Astronomical Observatory (Table 1). The average photometric precision per data
point was below 0.01 mag.
Table 1. Journal of the Rozhen observations
Date exposures (s) filters number
Aug 20 2010 60, 60 V , I 120, 120
Aug 22 2010 60, 60 V , I 176, 177
Aug 23 2010 60, 60 V , I 16, 16
Sept 17 2010 70 I 420
Table 2. Coordinates, magnitudes and colors of the target and standard stars
Star GSC1ID RA (2000) DEC (2000) V V − I
ASAS 0007 0173200262 00 07 09.00 +26 21 30.0 11.55 0.86
C1 0173200564 00 07 24.71 +26 16 38.1 12.87 1.20
C2 0173201665 00 07 15.61 +26 23 33.1 11.10 1.25
C3 0173200140 00 07 10.20 +26 15 49.9 14.14 1.25
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Figure 1. Folded light curves of the ASAS data with periods 1P (top) and 2P (down)
Figure 2. The field 10× 10 arcmin around ASAS 0007
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The standard procedures were used for reduction of the photometric data. The stan-
dard stars in the observed field (Fig. 2) were chosen by the criterion to be constant within
0.01 mag during the observations in all filters and all nights. Table 2 presents their V
magnitudes and V − I colors from USNO-B1 catalog.
The periodogram analysis of our I data (which are considerably more numerous than
the V data, see Table 1) with a software Persea led to the ephemeris
HJD(MinI) = 2455429.744 + 0.4034× E (1)
and Figure 3 presents the corresponding folded light curves of ASAS 0007.
The amplitudes of the light variability in V and I filters are correspondingly 0.32 mag
and 0.30 mag. The previous bigger V amplitude of 0.49 mag (Pojmanski 2000) probably
due to the rough automate reduction of the ASAS data.
The qualitative analysis of the Rozhen data revealed binary nature of ASAS 0007
rather than δ Sct variability due to the following reasons:
(a) There are two light minima with different depths (visible in I filter);
(b) The brightness minima seem slightly sharper than the maxima;
(c) We calculated the de-reddened color index (V −I)0=0.86 of the target by the Galac-
tic Reddening and Extinction Calculator (Schlafly & Finkbeiner 2011). It corresponds
to temperature Tm=5870 K according to the tables of VandenBerg & Clem (2003). This
value is quite low for a δ Sct star (see Table 2 and Figure 2 of McNamara 2000) but
appropriate for a W UMa star.
Another important criterion for the binary nature of ASAS 0007 could be the successful
reproducing of its light curve by eclipses. That is why we tried to model the Rozhen data
of ASAS 0007 using the code phoebe (Prs´a & Zwitter 2005) by the following procedure.
Initially the primary temperature was fixed as T1=Tm. We adopted coefficients of grav-
ity brightening 0.32 and reflection 0.5 appropriate for late stars while the limb-darkening
coefficients for each component were taken from the tables of VanHamme (1993) according
to its temperature. The fitted parameters were: secondary temperature T2, mass ratio q,
orbital inclination i and potentials Ω1,2 (and correspondingly relative radii r1,2 and fillout
factors f1,2). Finally we varied the temperatures of the two components around Tm to
reach a best fit of the observations.
The parameter values corresponding to our light curve solution are: orbital inclination
i = 61.◦30 ± 0.◦06; mass ratio q = 0.953 ± 0.003; temperatures T1 = 5940 ± 113 K and
T2 = 5673 ± 105 K; relative radii r
mean
1
= 0.395 ± 0.005 and rmean
2
= 0.386 ± 0.005
(potentials Ω1 = Ω2 = 3.595± 0.007); relative luminosities l1 = 0.55 and l2 = 0.45. The
cited values of the parameter errors are the formal ones obtained by phoebe.
The synthetic curves corresponding to these parameters (Fig. 3) revealed that the
Rozhen data can be well-reproduced by partial eclipses of an overcontact binary (with
fillout factor f1,2=0.147) whose components are not in thermal contact. Hence, the anal-
ysis of our observations of ASAS 0007 allowed us confidently to conclude that it is an
eclipsing star but not a δ Sct variable, as it was previously classified.
This investigation is a new emphatic illustration of the proposition that the morpho-
logical classifications given in large data sets, especially for variable stars with almost
sinusoidal light variability, might be wrong. Hence, the results of the statistical inves-
tigations on the base of such classifications should be assumed rather as approximate
estimations.
Acknowledgement: This research was supported partly by funds of the project RD-
08-244 of Shumen University. It used the SIMBAD database, operated at CDS, Stras-
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Figure 3. Rozhen V I folded light curves of ASAS 0007
bourg, France, USNO-B1.0 catalogue (http://www.nofs.navy.mil/data/fchpix/), and
NASA’s Astrophysics Data System Abstract Service.
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Observatory and telescope:
CCD photometry with various ground-based and automatic survey telescopes were
used for the times of minima determination.
Method of data reduction:
The C-Munipack and IRAF routines were used for the reduction of the CCD frames.
Method of minimum determination:
The minima times were computed with the Kwee–van Woerden method (Kwee &
van Woerden, 1956).
Explanation of the remarks in the table:
BV RI filters by the specification by Bessell (1990), C: unfiltered. Observers: PZ:
Petr Zasche, RU: Robert Uhlarˇ, HK: Hana Kucˇa´kova´, PS: Petr Svoboda, MM: Mar-
tin Masˇek. Instruments: OND: 65 cm telescope in Ondrˇejov observatory, RF34/135:
34 mm refractor, RF75/300: 75 mm refractor, N150/750: 150 mm Newton reflec-
tor, N200/1000: 200 mm Newton reflector, Carona: 120 mm telescope located
in Carona, Switzerland. For the double eclipsing systems their A/B pairs were
designated according to the published ephemerides of both pairs. For the newly
discovered systems their ephemerides (hence also primary/secondary distinction)
are mostly not known yet. In Figure 1 we show evident pulsations of the star GQ
Dra.
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Table 1: Times of minima of eclipsing binaries
Star Name HJD 24..... Error Type Filter Instrument/Source Observer
AD And 54303.72574 0.00099 Prim W SWASP –
AD And 54304.71515 0.00022 Prim W SWASP –
AD And 54305.70116 0.00024 Prim W SWASP –
AD And 54306.68668 0.00031 Prim W SWASP –
AD And 54307.67336 0.00036 Prim W SWASP –
AD And 54308.66188 0.00069 Prim W SWASP –
AD And 54312.59903 0.00163 Prim W SWASP –
AD And 54316.54573 0.00091 Prim W SWASP –
AD And 54318.51642 0.00033 Prim W SWASP –
AD And 54320.49302 0.00117 Prim W SWASP –
AD And 54322.46972 0.00073 Prim W SWASP –
AD And 54334.79197 0.00039 Sec W SWASP –
AD And 54335.77729 0.00011 Sec W SWASP –
AD And 54337.74962 0.00120 Sec W SWASP –
AD And 54338.73485 0.00079 Sec W SWASP –
AD And 54339.72202 0.00024 Sec W SWASP –
AD And 54340.70936 0.00025 Sec W SWASP –
AD And 54344.65274 0.00043 Sec W SWASP –
AD And 54345.63896 0.00029 Sec W SWASP –
AD And 54346.62759 0.00046 Sec W SWASP –
AD And 54347.61315 0.00043 Sec W SWASP –
AD And 54348.60256 0.00175 Sec W SWASP –
AD And 54349.58698 0.00023 Sec W SWASP –
AD And 54350.57138 0.00027 Sec W SWASP –
AD And 54351.55816 0.00027 Sec W SWASP –
AD And 54352.54419 0.00019 Sec W SWASP –
AD And 54353.53023 0.00027 Sec W SWASP –
AD And 54354.51572 0.00031 Sec W SWASP –
AD And 54355.50221 0.00028 Sec W SWASP –
AD And 54356.48869 0.00019 Sec W SWASP –
AD And 54357.47372 0.00021 Sec W SWASP –
AD And 54358.45966 0.00052 Sec W SWASP –
AD And 54359.44527 0.00017 Sec W SWASP –
AD And 54360.43254 0.00055 Sec W SWASP –
AD And 54361.41967 0.00036 Sec W SWASP –
AD And 54362.40450 0.00071 Sec W SWASP –
AD And 54363.39052 0.00129 Sec W SWASP –
AD And 54364.37835 0.00042 Sec W SWASP –
AD And 54381.63425 0.00076 Prim W SWASP –
AD And 54382.62115 0.00043 Prim W SWASP –
AD And 54383.60836 0.00026 Prim W SWASP –
AD And 54384.59394 0.00047 Prim W SWASP –
AD And 54387.55242 0.00025 Prim W SWASP –
AD And 54388.53840 0.00029 Prim W SWASP –
AD And 54389.52477 0.00017 Prim W SWASP –
AD And 54392.48402 0.00023 Prim W SWASP –
AD And 54393.47126 0.00045 Prim W SWASP –
AD And 54394.45812 0.00023 Prim W SWASP –
AD And 54395.44424 0.00070 Prim W SWASP –
AD And 54396.42879 0.00006 Prim W SWASP –
AD And 54397.41436 0.00044 Prim W SWASP –
AD And 54398.40127 0.00016 Prim W SWASP –
AD And 54399.38725 0.00055 Prim W SWASP –
AD And 54402.34385 0.00074 Prim W SWASP –
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Star Name HJD 24..... Error Type Filter Instrument/Source Observer
AD And 54405.30235 0.00184 Prim W SWASP –
AD And 54406.28939 0.00098 Prim W SWASP –
AD And 54407.27384 0.00130 Prim W SWASP –
AD And 54408.26358 0.00170 Prim W SWASP –
AD And 54420.59152 0.00115 Sec W SWASP –
AD And 54421.57523 0.00211 Sec W SWASP –
AD And 54427.49021 0.00031 Sec W SWASP –
AD And 54437.35397 0.00011 Sec W SWASP –
AD And 54438.34028 0.00018 Sec W SWASP –
AD And 54439.32658 0.00015 Sec W SWASP –
AD And 54441.29665 0.00065 Sec W SWASP –
AD And 54444.25582 0.00044 Sec W SWASP –
BX And 56155.51490 0.00025 Prim C RF34/135 RU
BX And 56291.26506 0.00034 Sec R N200/1000 RU
BX And 56584.42061 0.00030 Prim C N150/750 RU
BX And 56585.33607 0.00043 Sec C N150/750 RU
GZ And 56179.53745 0.00027 Prim R N200/1000 RU
V389 And 56203.58618 0.00125 Prim C RF34/135 RU
V389 And 56564.47946 0.00032 Prim C N150/750 RU
V392 And 56190.37142 0.00080 Sec C RF34/135 RU
V392 And 56540.37470 0.00215 Prim C RF34/135 RU
RY Aqr 56179.46711 0.00015 Prim C RF34/135 RU
RY Aqr 56533.44918 0.00029 Prim C RF34/135 RU
RY Aqr 56538.35712 0.00163 Sec C RF34/135 RU
RY Aqr 56540.34402 0.00189 Sec R N200/1000 RU
RY Aqr 56884.46938 0.00254 Sec C RF34/135 RU
RY Aqr 56889.39632 0.00071 Prim C RF34/135 RU
SU Aqr 56163.42425 0.00082 Prim C RF34/135 RU
SU Aqr 56209.39248 0.00066 Prim R N200/1000 RU
SU Aqr 56889.48945 0.00019 Prim R N200/1000 RU
DX Aqr 56491.47481 0.00072 Prim C RF34/135 RU
DX Aqr 56499.50366 0.00178 Sec C RF34/135 RU
V342 Aql 56486.43700 0.00216 Prim R RF34/135 RU
V342 Aql 56494.94264 0.00191 Sec C RF34/135 RU
V346 Aql 56076.50136 0.00009 Prim R N200/1000 RU
V346 Aql 56486.40148 0.00029 Sec C RF34/135 RU
V346 Aql 56835.46479 0.00009 Prim C N150/750 RU
V346 Aql 56892.44137 0.00119 Sec R RF34/135 RU
V822 Aql 56863.44725 0.00079 Prim R RF34/135 RU
V1461 Aql 56492.39943 0.00290 Prim R N200/1000 RU
V1461 Aql 56856.47416 0.00039 Sec C RF34/135 RU
V1461 Aql 56864.39947 0.00156 Prim C RF34/135 RU
V1470 Aql 56108.51261 0.00086 Prim R RF34/135 RU
V1470 Aql 56457.53690 0.00073 Prim R N200/1000 RU
V1470 Aql 56460.46962 0.00108 Sec R N200/1000 RU
V1470 Aql 56824.50902 0.00127 Sec C N150/750 RU
V1470 Aql 56827.41037 0.00432 Prim C RF34/135 RU
Sigma Aql 56148.46751 0.00028 Prim C RF34/135 RU
Sigma Aql 56460.51061 0.00049 Prim I RF34/135 RU
Sigma Aql 56461.48516 0.00029 Sec I RF34/135 RU
Sigma Aql 56853.49992 0.00037 Sec I RF34/135 RU
Sigma Aql 56856.41853 0.00119 Prim I RF34/135 RU
AL Ari 56670.28377 0.00009 Prim R N200/1000 RU
BQ Ari 56573.48279 0.00046 Sec R N200/1000 RU
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BQ Ari 56573.62509 0.00023 Prim R N200/1000 RU
IU Aur 56666.40412 0.00078 Prim R RF34/135 RU
LY Aur 56624.40894 0.00062 Prim C RF34/135 RU
LY Aur 56630.41758 0.00123 Sec C RF34/135 RU
V424 Aur 54066.64236 0.00142 Sec W SWASP –
V424 Aur 54067.56285 0.00054 Prim W SWASP –
V424 Aur 54114.40006 0.00125 Sec W SWASP –
V424 Aur 52682.58752 0.00064 Prim V OMC –
V424 Aur 54056.53865 0.00119 Prim W SWASP –
V424 Aur 56230.44289 0.00331 Prim R N200/1000 RU
V424 Aur 56566.59114 0.00081 Prim R RF34/135 RU
V424 Aur 56670.36163 0.00135 Sec C N150/750 RU
V462 Aur 56245.68524 0.00149 Sec R RF34/135 RU
V462 Aur 56246.56003 0.00063 Prim R RF34/135 RU
V462 Aur 56673.47149 0.00087 Prim C N150/750 RU
V462 Aur 56709.48583 0.00119 Sec R N200/1000 RU
V560 Aur 56565.46324 0.00389 Sec R RF34/135 RU
V560 Aur 56584.58070 0.00113 Prim R N200/1000 RU
V560 Aur 56597.55781 0.00059 Sec R N200/1000 RU
V560 Aur 56624.31504 0.00053 Prim R N200/1000 RU
V560 Aur 56692.31118 0.00039 Sec C N150/750 RU
AC Boo 56354.50618 0.00048 Prim C RF34/135 RU
EM Boo 56073.43912 0.00083 Sec C RF34/135 RU
EM Boo 56035.51007 0.00237 Prim R N200/1000 RU
EM Boo 56726.57129 0.00045 Sec C N150/750 RU
EM Boo 56737.58714 0.00102 Prim R N150/750 RU
EM Boo 56835.43792 0.00025 Prim C RF34/135 RU
ET Boo 55969.68608 0.00038 Sec R N200/1000 RU
ET Boo 56052.57374 0.00031 Prim R N200/1000 RU
ET Boo 56354.44953 0.00043 Prim C RF34/135 RU
ET Boo 56451.53023 0.00028 Sec R N200/1000 RU
ET Boo 56783.40212 0.00017 Prim R N200/1000 RU
ET Boo 56842.42313 0.00021 Sec C N150/750 RU
ET Boo 48462.70103 0.00109 Sec Hp Hipparcos –
ET Boo 48463.02693 0.00102 Prim Hp Hipparcos –
GK Boo 55963.56529 0.00016 Sec R N200/1000 RU
GK Boo 56019.46442 0.00028 Sec R N200/1000 RU
GK Boo 56026.39127 0.00011 Prim R N200/1000 RU
GK Boo 56094.47494 0.00010 Sec R N200/1000 RU
GK Boo 56354.62239 0.00084 Prim R RF34/135 RU
GK Boo 56366.56507 0.00039 Prim R N200/1000 RU
GK Boo 56421.50960 0.00029 Prim C RF34/135 RU
GK Boo 56461.40374 0.00036 Sec C RF34/135 RU
GK Boo 56483.38116 0.00017 Sec R N200/1000 RU
GK Boo 56709.60623 0.00027 Prim C N150/750 RU
GK Boo 56750.45464 0.00012 Sec R N200/1000 RU
GK Boo 56781.51017 0.00024 Sec C N150/750 RU
i Boo 56035.38947 0.00043 Prim C RF34/135 RU
i Boo 56035.52326 0.00039 Sec C RF34/135 RU
i Boo 56471.39774 0.00038 Prim C RF34/135 RU
i Boo 56714.44248 0.00027 Sec I RF34/135 RU
i Boo 56714.57675 0.00025 Prim I RF34/135 RU
SZ Cam 56204.61063 0.00069 Prim C RF34/135 RU
SZ Cam 56536.51531 0.00149 Prim C RF34/135 RU
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SZ Cam 56563.46902 0.00162 Prim I RF34/135 RU
SZ Cam 56590.47196 0.00109 Prim I N200/1000 RU
SZ Cam 56602.61669 0.00428 Sec C RF34/135 RU
SZ Cam 56625.55333 0.00124 Prim C RF34/135 RU
CV Cam 56356.34765 0.00039 Prim C RF34/135 RU
CV Cam 56587.49120 0.00297 Sec C RF34/135 RU
DT Cam 55977.46852 0.00011 Prim C RF34/135 RU
DT Cam 56203.58753 0.00016 Prim C RF34/135 RU
S Cnc 56717.48067 0.00790 Sec R RF34/135 RU
TX Cnc 56650.49065 0.00032 Prim R RF34/135 RU
TX Cnc 56650.68542 0.00036 Sec R RF34/135 RU
GU CMa 56269.59472 0.00430 Prim R RF34/135 RU
KL CMa 56283.64326 0.00073 Prim C RF34/135 RU
KL CMa 56638.50902 0.00025 Sec C RF34/135 RU
LT CMa 55992.28577 0.00035 Sec C RF34/135 RU
LT CMa 56007.29484 0.00138 Prim R RF34/135 RU
RW CMi 55966.28398 0.00015 Prim R OND PZ
CX CVn 56367.56827 0.00018 Prim R N200/1000 RU
CX CVn 56395.47355 0.00411 Sec C RF34/135 RU
CX CVn 56700.64099 0.00257 Sec C N150/750 RU
CX CVn 56728.54328 0.00030 Prim C N150/750 RU
YZ Cas 56184.50555 0.00060 Prim C RF34/135 RU
AR Cas 56515.50590 0.00172 Prim I RF34/135 RU
CC Cas 56199.52561 0.00092 Prim R RF34/135 RU
CC Cas 56241.57926 0.00520 Sec R RF34/135 RU
CC Cas 56534.46070 0.00133 Sec C RF34/135 RU
DN Cas 54750.48812 0.00267 Prim BVRI RF34/135 RU
DN Cas 54758.57793 0.00218 Sec BVRI RF34/135 RU
DO Cas 56190.42806 0.00056 Prim R RF34/135 RU
DO Cas 56203.43703 0.00037 Prim R RF34/135 RU
DO Cas 56252.39251 0.00085 Sec C RF34/135 RU
DO Cas 56558.43863 0.00148 Sec C RF34/135 RU
V368 Cas 56199.39101 0.00162 Prim R RF34/135 RU
V649 Cas 56206.35452 0.00027 Sec C RF34/135 RU
V649 Cas 56291.25352 0.00239 Prim C RF34/135 RU
V649 Cas 56451.46692 0.00226 Prim R RF34/135 RU
V649 Cas 56500.47558 0.00077 Sec C RF34/135 RU
V649 Cas 56543.53379 0.00206 Sec V RF34/135 RU
V649 Cas 56555.48536 0.00258 Sec C RF34/135 RU
V649 Cas 56561.46503 0.00290 Prim C RF34/135 RU
V649 Cas 56891.45712 0.00095 Prim C RF34/135 RU
V745 Cas 56152.41060 0.00318 Sec R N200/1000 RU
V745 Cas 56154.52673 0.00049 Prim R N200/1000 RU
V745 Cas 56501.56986 0.00519 Prim C RF34/135 RU
V745 Cas 56602.39233 0.00317 Sec R N200/1000 RU
V776 Cas 56155.40894 0.00033 Prim R N200/1000 RU
V776 Cas 56500.48298 0.00035 Sec C RF34/135 RU
V776 Cas 56542.53555 0.00030 Prim R RF34/135 RU
V779 Cas 56159.45785 0.00033 Prim C RF34/135 RU
V779 Cas 56572.43769 0.00172 Prim C RF34/135 RU
V791 Cas 56190.43766 0.00583 Prim R RF34/135 RU
V791 Cas 56545.50681 0.00205 Prim R RF34/135 RU
V791 Cas 56558.49919 0.00053 Sec C RF34/135 RU
U Cep 56245.41607 0.00073 Sec C RF34/135 RU
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U Cep 56478.50130 0.00073 Prim C RF34/135 RU
U Cep 56564.51645 0.00256 Sec C RF34/135 RU
VW Cep 56201.26896 0.00058 Prim R RF34/135 RU
VW Cep 56201.41269 0.00149 Sec R RF34/135 RU
VW Cep 56201.54908 0.00021 Prim R RF34/135 RU
VW Cep 56541.36200 0.00014 Prim C RF34/135 RU
VW Cep 56541.50175 0.00014 Sec C RF34/135 RU
VW Cep 56851.39648 0.00047 Prim C RF34/135 RU
VW Cep 56851.53729 0.00026 Sec C RF34/135 RU
ZZ Cep 56187.34548 0.00017 Prim C RF34/135 RU
ZZ Cep 56461.49619 0.00023 Prim C RF34/135 RU
CW Cep 56038.50913 0.00037 Prim C RF34/135 RU
DP Cep 56495.57778 0.00019 Prim R OND HK
LP Cep 55945.22399 0.00012 Prim R OND PZ
LP Cep 56166.30797 0.00017 Prim R OND PZ
NN Cep 56692.57443 0.00248 Prim BVR RF34/135 PS
V357 Cep 55957.52344 0.00005 Prim R OND PZ
V383 Cep 56190.47788 0.00051 Prim C RF34/135 RU
V442 Cep 56486.49893 0.00046 Prim I N200/1000 RU
V442 Cep 56568.46910 0.00049 Sec V RF34/135 RU
V453 Cep 56158.51632 0.00150 Prim C RF34/135 RU
V453 Cep 56237.30337 0.00261 Sec C RF34/135 RU
V453 Cep 56510.38193 0.00069 Prim R RF34/135 RU
V453 Cep 56527.55888 0.00062 Sec R RF34/135 RU
KK Com 55993.49319 0.00024 Sec R N200/1000 RU
KK Com 56747.42602 0.00229 Sec C N150/750 RU
KK Com 56755.42920 0.00022 Prim C N200/1000 RU
KR Com 55923.64835 0.00145 Prim C RF34/135 RU
KR Com 56030.32507 0.00079 Sec R RF34/135 RU
KR Com 56048.47990 0.00052 Prim I N200/1000 RU
KR Com 56105.39669 0.00207 Sec I N200/1000 RU
KR Com 56273.68164 0.00057 Prim C RF34/135 RU
KR Com 56340.58372 0.00049 Prim C RF34/135 RU
KR Com 56433.39291 0.00526 Sec C RF34/135 RU
KR Com 56692.65630 0.00096 Prim V RF75/300 RU
RV Crt 56729.45004 0.00050 Sec C N150/750 RU
CG Cyg 56101.51576 0.00024 Sec R N200/1000 RU
V749 Cyg 55945.27742 0.00024 Prim R OND PZ
V796 Cyg 51275.34192 0.00220 Sec V NSVS –
V796 Cyg 51276.03205 0.00205 Prim V NSVS –
V796 Cyg 53128.59346 0.00037 Prim W SWASP –
V796 Cyg 54232.63881 0.00426 Sec W SWASP –
V796 Cyg 54249.62796 0.00077 Prim W SWASP –
V796 Cyg 54252.58835 0.00056 Prim W SWASP –
V796 Cyg 54260.77600 0.00102 Sec W SWASP –
V796 Cyg 54261.47377 0.00056 Prim W SWASP –
V796 Cyg 54269.65701 0.00123 Sec W SWASP –
V796 Cyg 54272.61719 0.00056 Sec W SWASP –
V796 Cyg 54275.57953 0.00099 Sec W SWASP –
V796 Cyg 54278.54265 0.00093 Sec W SWASP –
V796 Cyg 54280.72737 0.00106 Prim W SWASP –
V796 Cyg 54281.50339 0.00101 Sec W SWASP –
V796 Cyg 54283.68759 0.00082 Prim W SWASP –
V796 Cyg 54284.46353 0.00070 Sec W SWASP –
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V796 Cyg 54286.64854 0.00022 Prim W SWASP –
V796 Cyg 54287.42867 0.00044 Sec W SWASP –
V796 Cyg 54289.60962 0.00037 Prim W SWASP –
V796 Cyg 54290.38939 0.00038 Sec W SWASP –
V796 Cyg 54292.57242 0.00092 Prim W SWASP –
V796 Cyg 54606.52007 0.00130 Prim W SWASP –
V796 Cyg 54608.76715 0.00215 Sec W SWASP –
V796 Cyg 54629.50120 0.00278 Sec W SWASP –
V796 Cyg 54631.69083 0.00056 Prim W SWASP –
V796 Cyg 54632.46578 0.00060 Sec W SWASP –
V796 Cyg 54635.42420 0.00074 Sec W SWASP –
V796 Cyg 54637.62028 0.00086 Prim W SWASP –
V796 Cyg 54640.58241 0.00109 Prim W SWASP –
V796 Cyg 54643.54231 0.00073 Prim W SWASP –
V796 Cyg 54645.78778 0.00037 Sec W SWASP –
V796 Cyg 54646.50625 0.00037 Prim W SWASP –
V796 Cyg 54657.63733 0.00023 Sec W SWASP –
V796 Cyg 54660.59886 0.00074 Sec W SWASP –
V796 Cyg 54663.56280 0.00056 Sec W SWASP –
V796 Cyg 54666.52437 0.00117 Sec W SWASP –
V796 Cyg 54669.48535 0.00087 Sec W SWASP –
V796 Cyg 54671.68293 0.00112 Prim W SWASP –
V796 Cyg 54672.44591 0.00056 Sec W SWASP –
V796 Cyg 54674.64323 0.00056 Prim W SWASP –
V796 Cyg 54683.52700 0.00093 Prim W SWASP –
V796 Cyg 54686.48992 0.00148 Prim W SWASP –
V1187 Cyg 56563.32657 0.00027 Prim C N150/750 RU
V1191 Cyg 56500.50883 0.00017 Sec R N200/1000 RU
V1191 Cyg 56563.34304 0.00016 Prim C N150/750 RU
V2083 Cyg 56134.50378 0.00030 Sec C RF34/135 RU
V2083 Cyg 56458.51203 0.00115 Prim R RF34/135 RU
V2083 Cyg 56768.51290 0.00121 Prim R RF34/135 RU
V2154 Cyg 56070.50625 0.00022 Prim I N200/1000 RU
V2154 Cyg 56199.40535 0.00039 Prim C RF34/135 RU
V2154 Cyg 56433.53282 0.00147 Prim C RF34/135 RU
V2154 Cyg 56800.50207 0.00105 Sec R RF34/135 RU
V2165 Cyg 56101.51766 0.00041 Prim C RF34/135 RU
V2169 Cyg 56108.42379 0.00037 Prim C RF34/135 RU
V2169 Cyg 56496.43491 0.00129 Sec I N200/1000 RU
V2169 Cyg 56562.44527 0.00043 Prim C RF34/135 RU
V2486 Cyg 56495.56871 0.00167 Sec R N200/1000 RU
V2486 Cyg 56497.47701 0.00015 Prim R N200/1000 RU
MR Del 56094.49253 0.00048 Sec R RF34/135 RU
MR Del 56100.49176 0.00010 Prim R N200/1000 RU
MR Del 56148.48803 0.00050 Prim R N200/1000 RU
MR Del 56205.35315 0.00028 Prim R RF34/135 RU
MR Del 56210.30800 0.00048 Sec R RF34/135 RU
MR Del 56232.21862 0.00035 Sec R RF34/135 RU
MR Del 56239.26196 0.00017 Prim C RF34/135 RU
MR Del 56256.21676 0.00018 Sec R N200/1000 RU
MR Del 56449.50223 0.00038 Prim C RF34/135 RU
MR Del 56454.45779 0.00046 Sec C RF34/135 RU
MR Del 56510.53952 0.00017 Prim R N200/1000 RU
MR Del 56542.36330 0.00064 Prim C RF34/135 RU
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MR Del 56572.35832 0.00082 Sec R N200/1000 RU
MR Del 56827.46691 0.00109 Sec C N150/750 RU
MR Del 56863.46028 0.00016 Sec C RF34/135 RU
RR Dra 56349.47808 0.00185 Prim R OND PZ
WW Dra 56076.46598 0.00054 Prim C RF34/135 RU
WW Dra 56495.45204 0.00210 Sec R RF34/135 RU
WW Dra 56826.50036 0.00119 Prim C RF34/135 RU
BH Dra 56040.56931 0.00016 Prim R RF34/135 RU
BH Dra 56041.47096 0.00053 Sec C RF34/135 RU
BH Dra 56539.40253 0.00059 Sec C RF34/135 RU
BV Dra 55992.58077 0.00107 Prim R N200/1000 RU
BV Dra 56390.43932 0.00031 Sec R N200/1000 RU
BV Dra 56390.61095 0.00072 Prim R N200/1000 RU
BV Dra 56650.71207 0.00026 Prim R N200/1000 RU
BV Dra 56656.65299 0.00035 Prim R RF34/135 RU
BV Dra 56754.33927 0.00019 Prim R RF34/135 RU
BV Dra 56754.50548 0.00018 Sec R RF34/135 RU
BW Dra 55992.54855 0.00039 Prim R N200/1000 RU
BW Dra 55992.69390 0.00030 Sec R N200/1000 RU
BW Dra 56390.46449 0.00101 Prim R N200/1000 RU
BW Dra 56390.61451 0.00048 Sec R N200/1000 RU
BW Dra 56650.64198 0.00031 Sec R N200/1000 RU
CM Dra 56729.53018 0.00006 Prim R N200/1000 RU
CM Dra 56731.43152 0.00021 Sec R N200/1000 RU
GQ Dra 56043.55365 0.00064 Sec R N200/1000 RU
GQ Dra 56052.36294 0.00018 Prim R N200/1000 RU
GQ Dra 56357.57243 0.00053 Sec C RF34/135 RU
GQ Dra 56755.46212 0.00029 Prim C N150/750 RU
GQ Dra 56783.41372 0.00052 Sec C N150/750 RU
GZ Dra 56035.45695 0.00056 Prim R RF34/135 RU
GZ Dra 56462.46881 0.00034 Sec R RF34/135 RU
GZ Dra 56747.51675 0.00043 Prim C RF34/135 RU
GZ Dra 56782.43185 0.00138 Sec C RF34/135 RU
HI Dra 56096.51142 0.00190 Prim C RF34/135 RU
HI Dra 56499.46535 0.00039 Sec R N200/1000 RU
HI Dra 56755.46633 0.00076 Prim R RF34/135 RU
HI Dra 56766.51588 0.00040 Sec C N150/750 RU
CI Eri 51918.23600 0.00077 Prim V ASAS –
CI Eri 51918.84956 0.01238 Sec V ASAS –
CI Eri 52158.44555 0.00076 Prim V ASAS –
CI Eri 52159.06045 0.00507 Sec V ASAS –
CI Eri 52589.33945 0.00028 Prim V ASAS –
CI Eri 52589.95478 0.00331 Sec V ASAS –
CI Eri 52986.80061 0.00209 Prim V ASAS –
CI Eri 52987.41039 0.00822 Sec V ASAS –
CI Eri 53598.46692 0.00061 Prim V ASAS –
CI Eri 53599.07916 0.00179 Sec V ASAS –
CI Eri 54322.80851 0.00078 Prim V ASAS –
CI Eri 54323.43271 0.00156 Sec V ASAS –
CI Eri 54762.36627 0.00161 Prim V ASAS –
CI Eri 54762.98463 0.00282 Sec V ASAS –
CI Eri 55068.20169 0.00308 Prim V ASAS –
CI Eri 55068.81999 0.00950 Sec V ASAS –
CI Eri 54077.64545 0.00043 Prim C PI of the sky –
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CI Eri 54098.69548 0.00139 Prim C PI of the sky –
CI Eri 54113.55527 0.00800 Prim C PI of the sky –
CI Eri 54768.55785 0.00600 Prim C PI of the sky –
CI Eri 54823.65100 0.00175 Sec C PI of the sky –
CI Eri 54824.27425 0.00127 Prim C PI of the sky –
KP Eri 56290.44934 0.00114 Sec C RF34/135 RU
YY Gem 56630.50029 0.00012 Prim R N200/1000 RU
V337 Gem 55970.33537 0.00032 Prim C RF34/135 RU
AK Her 56835.42140 0.00021 Sec R RF34/135 RU
V819 Her 56778.40769 0.00034 Prim I RF34/135 RU
V819 Her 56798.47402 0.00035 Prim I RF34/135 RU
V819 Her 56818.53929 0.00113 Prim I RF34/135 RU
V819 Her 56827.45966 0.00036 Prim I RF34/135 RU
V822 Her 56100.45416 0.00158 Prim R RF34/135 RU
V822 Her 56415.53648 0.00153 Sec C RF34/135 RU
V822 Her 56783.49759 0.00027 Prim R RF34/135 RU
V822 Her 56792.54156 0.00177 Sec R RF34/135 RU
V994 HerA 56368.61655 0.00029 Sec I N200/1000 RU
V994 HerA 56463.37125 0.00081 Prim C RF34/135 RU
V994 HerA 56465.45059 0.00259 Prim C RF34/135 RU
V994 HerB 56450.37231 0.00204 Prim C RF34/135 RU
V994 HerB 56457.46946 0.00054 Prim C RF34/135 RU
V994 HerB 56455.43271 0.00040 Sec C RF34/135 RU
V994 HerB 56354.60974 0.00207 Sec C RF34/135 RU
V994 HerA 56441.53093 0.00020 Sec R RF34/135 RU
V994 HerB 56736.59690 0.00049 Sec R RF34/135 RU
V994 HerB 56758.50910 0.00259 Prim R RF34/135 RU
V994 HerA 56766.52219 0.00090 Sec R RF34/135 RU
V994 HerA 56767.53147 0.00027 Prim R RF34/135 RU
V994 HerB 56827.48758 0.00078 Sec I N200/1000 RU
V994 HerA 56839.44646 0.00247 Sec C N150/750 RU
V994 HerA 56842.53174 0.00132 Prim C N150/750 RU
HS Hya 56356.45155 0.00144 Sec C RF34/135 RU
HS Hya 56730.4260 0.00439 Prim R N200/1000 RU
CY Lac 56673.39907 0.00450 Sec R OND HK
CY Lac 56645.29574 0.00320 Prim R OND HK
V394 Lac 56490.48697 0.00151 Prim C RF34/135 RU
V394 Lac 56188.52829 0.00159 Prim C RF34/135 RU
V394 Lac 56853.49534 0.00144 Prim C N150/750 RU
V401 Lac 56097.50644 0.00021 Prim C RF34/135 RU
V401 Lac 56180.34094 0.00060 Sec R N200/1000 RU
V401 Lac 56486.49818 0.00040 Sec C RF34/135 RU
V401 Lac 56489.48043 0.00015 Prim C RF34/135 RU
V401 Lac 56878.45447 0.00048 Sec I N200/1000 RU
V402 Lac 56163.43315 0.00016 Prim I N200/1000 RU
V402 Lac 56511.38248 0.00097 Prim C RF34/135 RU
V402 Lac 56821.51566 0.00046 Prim R RF34/135 RU
TX Leo 55920.62784 0.00115 Prim C RF34/135 RU
TX Leo 56397.42535 0.00245 Prim C RF34/135 RU
TX Leo 56634.58728 0.00296 Prim C RF34/135 RU
AM Leo 56724.38495 0.00052 Prim C N150/750 RU
BV Leo 55957.39709 0.00042 Sec R OND PZ
T LMi 56368.50591 0.00011 Prim R OND HK
GV Lib 52556.85068 0.00201 Prim V ASAS –
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GV Lib 52557.30163 0.00078 Sec V ASAS –
GV Lib 53651.54359 0.00086 Prim V ASAS –
GV Lib 53651.94942 0.02982 Sec V ASAS –
GV Lib 54617.30562 0.00175 Prim V ASAS –
GV Lib 54617.74349 0.00030 Sec V ASAS –
GV Lib 51446.84206 0.00143 Prim V NSVS –
GV Lib 51447.31431 0.00172 Sec V NSVS –
GV Lib 53782.41226 0.00248 Prim V CRTS –
GV Lib 53782.90780 0.00544 Sec V CRTS –
GV Lib 54596.27621 0.00262 Prim V CRTS –
GV Lib 54596.75552 0.00676 Sec V CRTS –
GV Lib 55857.19271 0.00286 Prim V CRTS –
GV Lib 55857.67318 0.00845 Sec V CRTS –
IV Lib 56482.35429 0.00345 Prim R N200/1000 RU
Delta Lib 56026.42928 0.00036 Prim C RF34/135 RU
Delta Lib 56062.50697 0.00342 Sec C RF34/135 RU
Delta Lib 56368.55095 0.00040 Prim I RF34/135 RU
DI Lyn 55930.62256 0.00031 Sec C RF34/135 RU
DI Lyn 55963.41722 0.00076 Prim R N200/1000 RU
DI Lyn 56006.29657 0.00081 Sec R RF34/135 PS
DI Lyn 56006.29662 0.00121 Sec V RF34/135 RU
DI Lyn 56037.40065 0.00055 Prim R RF34/135 RU
DI Lyn 56337.57130 0.00249 Sec C RF34/135 RU
DI Lyn 56354.37518 0.00049 Sec V RF34/135 RU
DI Lyn 56590.64339 0.00039 Prim I N200/1000 RU
DI Lyn 56703.30766 0.00048 Prim V RF34/135 RU
DI Lyn 56713.39681 0.00039 Prim I N200/1000 RU
DI Lyn 56750.39042 0.00051 Prim V RF34/135 RU
TZ Lyr 56076.45591 0.00011 Prim R N200/1000 RU
TZ Lyr 56108.45047 0.00033 Sec R N200/1000 RU
TZ Lyr 56510.35925 0.00021 Sec R N200/1000 RU
TZ Lyr 56765.51808 0.00013 Prim C N150/750 RU
TZ Lyr 56778.47445 0.00028 Sec R N200/1000 RU
UZ Lyr 56864.51503 0.00070 Prim R RF34/135 RU
V380 Mon 52739.87642 0.00217 Sec V ASAS PZ
V380 Mon 52740.36440 0.00559 Prim V ASAS PZ
V380 Mon 54335.77963 0.00478 Prim V ASAS PZ
V380 Mon 54336.27605 0.00558 Sec V ASAS PZ
V380 Mon 51545.82077 0.00559 Sec V NSVS PZ
V498 Mon 55894.60455 0.00007 Prim B OND PZ
V684 Mon 56270.62494 0.00047 Sec C RF34/135 RU
V684 Mon 56273.42636 0.00104 Prim C RF34/135 RU
V684 Mon 56633.50668 0.00057 Sec C RF34/135 RU
V684 Mon 56634.46013 0.00117 Prim C RF34/135 RU
V684 Mon 56709.41608 0.00052 Sec C N150/750 RU
V727 Mon 55996.33538 0.00188 Prim C RF34/135 RU
V727 Mon 56643.47558 0.00291 Sec R N200/1000 RU
V727 Mon 56701.37002 0.00048 Prim C N150/750 RU
V730 Mon 56624.60168 0.00187 Sec C RF34/135 RU
V730 Mon 56654.47885 0.00123 Sec C RF34/135 RU
V730 Mon 56713.35270 0.00046 Prim C RF34/135 RU
V879 Mon 56648.47861 0.00083 Sec C RF34/135 RU
V879 Mon 56717.36788 0.00022 Prim C N150/750 RU
U Oph 56060.50860 0.00025 Prim C RF34/135 RU
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U Oph 56455.52815 0.00048 Sec I RF34/135 RU
U Oph 56461.39534 0.00035 Prim C RF34/135 RU
V456 Oph 56471.55608 0.00022 Sec B OND HK
V456 Oph 56497.46596 0.00005 Prim B OND HK
V456 Oph 56582.29963 0.00040 Sec B OND HK
V456 Oph 56728.60346 0.00010 Sec R OND PZ
V456 Oph 56814.45986 0.00088 Prim R OND PZ
V456 Oph 56842.39531 0.00004 Sec R OND PZ
V456 Oph 56876.43658 0.00022 Prim C Sonnar 180 MM
V456 Oph 56878.46847 0.00014 Prim R OND HK
V2388 Oph 56797.48623 0.00056 Prim I RF34/135 RU
V2388 Oph 56856.46397 0.00052 Sec I N200/1000 RU
V2388 Oph 56891.35642 0.00059 Prim I RF34/135 RU
V2610 Oph 56451.45721 0.00099 Sec C RF34/135 RU
V2610 Oph 56455.50853 0.00041 Prim C RF34/135 RU
V2610 Oph 56802.47289 0.00042 Sec C N150/750 MM
V2610 Oph 56818.46715 0.00029 Prim C N150/750 MM
V2610 Oph 56888.41359 0.00038 Prim C RF34/135 RU
V645 Ori 55957.32312 0.00003 Prim R OND PZ
V1804 Ori 56270.46918 0.00063 Prim C RF34/135 RU
V1804 Ori 56573.59898 0.00285 Prim C RF34/135 RU
V1804 Ori 56621.51598 0.00119 Sec C RF34/135 RU
V1834 Ori 55901.46847 0.00170 Sec C RF34/135 RU
V1834 Ori 56318.38089 0.00250 Sec R RF34/135 RU
V1834 Ori 56629.55264 0.00089 Sec I N200/1000 RU
V1834 Ori 56639.37757 0.00032 Prim C RF34/135 RU
Delta Ori 55787.36327 0.00527 Sec I RF34/135 RU
Eta Ori 56291.34125 0.00108 Sec I RF34/135 RU
Eta Ori 56311.24483 0.00500 Prim C RF34/135 RU
AW Peg 56148.59965 0.00218 Prim R RF34/135 RU
KP Peg 56499.45219 0.00230 Prim C RF34/135 RU
PU Peg 56181.50092 0.00065 Prim C RF34/135 RU
PU Peg 56525.45138 0.00180 Prim I N200/1000 RU
PU Peg 56541.38508 0.00159 Sec R N200/1000 RU
PU Peg 56588.35958 0.00127 Prim R N200/1000 RU
PU Peg 56884.47120 0.00113 Sec C N150/750 RU
V415 Peg 56515.51081 0.00415 Sec I N200/1000 RU
V416 Peg 56105.55212 0.00234 Sec C Carona RU
V416 Peg 56147.58159 0.00044 Prim C RF34/135 RU
V416 Peg 56541.52876 0.00126 Sec R N200/1000 RU
V416 Peg 56566.46445 0.00029 Prim R N200/1000 RU
ST Per 56205.40262 0.00079 Prim R N200/1000 RU
ST Per 56565.57532 0.00065 Prim C RF34/135 RU
AG Per 55930.27950 0.00048 Sec C RF34/135 RU
AG Per 55937.39904 0.00033 Prim C RF34/135 RU
AG Per 56288.37119 0.00055 Prim C RF34/135 RU
AG Per 56291.39123 0.00046 Sec C RF34/135 RU
AG Per 56578.48239 0.00032 Prim C RF34/135 RU
AG Per 56583.52706 0.00057 Sec C RF34/135 RU
IQ Per 56180.55097 0.00039 Sec R RF34/135 RU
IQ Per 56181.49456 0.00065 Prim R RF34/135 RU
LX Per 55906.31001 0.00119 Prim C RF34/135 RU
V366 Per 55901.37281 0.00011 Prim R OND PZ
V436 Per 55908.37358 0.00013 Prim C RF34/135 RU
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V590 Per 56588.60338 0.00175 Sec I N200/1000 RU
V593 Per 56279.60463 0.00439 Prim C RF34/135 RU
V593 Per 56563.43930 0.00243 Sec R N200/1000 RU
V593 Per 56584.53011 0.00218 Prim R RF34/135 RU
V736 Per 56585.34636 0.00049 Prim R N200/1000 RU
V871 Per 56276.22899 0.00060 Sec R OND PZ
V871 Per 56323.48420 0.00007 Prim R OND HK
V871 Per 56584.67553 0.00030 Sec B OND HK
V871 Per 56586.55520 0.00096 Prim R OND HK
Beta Per 56266.43745 0.00305 Sec C RF34/135 RU
Zeta Phe 52819.48535 0.00648 Prim V ASAS –
Zeta Phe 53733.67671 0.01494 Sec V ASAS –
Zeta Phe 53734.51918 0.00394 Prim V ASAS –
Zeta Phe 54248.80812 0.00287 Prim C PI of the sky –
Zeta Phe 54563.55669 0.00344 Sec V ASAS –
Zeta Phe 54564.39547 0.00815 Prim V ASAS –
Zeta Phe 54709.66918 0.01578 Prim C PI of the sky –
Zeta Phe 54784.79817 0.00800 Prim C PI of the sky –
Zeta Phe 54820.69055 0.00079 Sec C PI of the sky –
Zeta Phe 56210.79039 0.00105 Prim C La Silla all-sky cam PZ
Zeta Phe 56215.79640 0.01109 Prim C La Silla all-sky cam PZ
Zeta Phe 56559.76998 0.00977 Prim C La Silla all-sky cam PZ
Zeta Phe 56560.59702 0.00599 Sec C La Silla all-sky cam PZ
UV Psc 56152.60033 0.00036 Prim C RF34/135 RU
SZ Psc 56541.56062 0.00124 Prim C RF34/135 RU
SZ Psc 56559.44636 0.00205 Sec C RF34/135 RU
SZ Psc 56892.51119 0.00509 Sec I N200/1000 RU
SZ Psc 56894.51652 0.00269 Prim V N200/1000 RU
ET Psc 56159.55935 0.00028 Prim R N200/1000 RU
ET Psc 56293.32668 0.00042 Sec C RF34/135 RU
ET Psc 56545.48485 0.00022 Sec R N200/1000 RU
ET Psc 56545.48540 0.00037 Sec R N200/1000 RU
ET Psc 56573.37683 0.00045 Prim C RF34/135 RU
EU Psc 56187.55283 0.00106 Prim I RF34/135 RU
EU Psc 56288.25303 0.00248 Sec C RF34/135 RU
EU Psc 56545.55796 0.00315 Sec C RF34/135 RU
EU Psc 56573.46934 0.00048 Prim R RF34/135 RU
PV Pup 56342.44639 0.00025 Prim C RF34/135 RU
DM Sge 51449.99623 0.00155 Sec V NSVS PZ
DM Sge 51451.38814 0.00608 Prim V NSVS PZ
DM Sge 56495.53238 0.00080 Sec R OND HK
DM Sge 56728.66084 0.00010 Sec R OND PZ
V505 Sgr 56136.45681 0.00021 Prim I N200/1000 RU
V505 Sgr 56152.42663 0.00076 Sec R RF34/135 RU
V505 Sgr 56155.38240 0.00040 Prim C RF34/135 RU
V505 Sgr 56450.50214 0.00114 Sec C RF34/135 RU
V505 Sgr 56460.55882 0.00022 Prim C RF34/135 RU
V505 Sgr 56466.47343 0.00019 Prim C RF34/135 RU
V505 Sgr 56479.48444 0.00018 Prim C RF34/135 RU
V505 Sgr 56489.53481 0.00057 Sec I N200/1000 RU
V505 Sgr 56835.52293 0.00009 Prim R RF34/135 RU
V1301 Sco 56347.85040 0.00038 Sec R DK154 PZ
V1301 Sco 56383.89541 0.00077 Prim R DK154 PZ
PS Ser 56396.41343 0.00072 Prim R RF34/135 RU
